DOCOBZSI BESDHE 



Sa 17S 356 

&UTHOE 
TITLE 

IBSTITOTION 

FOB DATE 
MOTE 

AVAILABLE FSOM 



SB 029 305 



JOOBN&L Cll 



EDRS PBICE 
DESCEIPTOilS 



Suydao, Hariliu Ed-; Kasten, flargaret I* , Ed. 
lnvestigatior.s\in Hatheaatics Education, Vol'. 12, Ho. 
4. . 

Ohio State DniVb., Coluiabus, Center for Science and 
Matheoatics Education 
79 
71p. 

information Beferfiince Center CEFIC/IBC) , The Ohio 
State Oniversity, \200^aibers Hd,, 3rd Sloor, 
Coiuflibus, OH «3212 (Subscription $6.00, single copy 
«U75) 

Investigations in Hatheiatics Education; v12 na Pall 
1979 

MF01/PC03 Plus Postage. 

♦abstracts; Edntntional Diagnosis; Effective 
Teaching; Eleoentary Secondary Education; 
Experioental Curriculaa; *Geoaetric Ccncepts; Higher 
Education; Individualized Instruction; ♦Manipulative 
Materials; Matheiaatical Vocabulary; *Hathematics 
Education; *NuBiber. Concepts; ♦Eesearch Beviews 
(Publications): Rewards; *Spatial Belatiouship 

ABSTRACT 

. Thirteen research reports related to sathenatics 
education are abstracted and analyzed. Two of the reports deal with 
acquisition of nuober concepts; three deal with instructional 
techniques; and one each pertains to diagnosis, Icgical connectives, 
teacher behaviors, spatial preferences, aathenatical language, foraal 
thought, and curriculus evalaatiCB. Another reviewed doouiient is 
concerned with spatial and geonettic concepts; it contains eleven 
researq^ papers and three review articles. Research related to 
oatheaktics education reported in RIE and CUE between April and June 
1979 is listed. (fiK) 
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Sessot, Annie a^LComlti, Claude. UNE ETUDE SUR L*APPROCHE 
DU NQMBRE PAPij*ELEVE DO CCHIRS PEEPARATOIRE., Educa- 
tional Studies tn Mathematics 9:. 17-39; February 
1978. ' ~" ' \ 

Abstracted by GEBALD A. GOLDIN 



Brown, John Seely and Burton, Richard R. DIAGNOSTIC MODELS 
FOR PROCEDURAL BUGS IN BASIC MATHEHATICS SKILLS. 
Cambridge, Hassachus&tttK[^_jK>lt , Beranek and Newman, 
inc., December 1977 ERIC: ED 159 036. 

Abstracted by GEORGE W. BRIGHT . < 



Damarin, Suzanne K. CONJUNCTIVE INTERPRETATIONS OF LOGICAL 
CONNECTIVES: REPLICATION OF RESULTS USING A NEW TYPE 
OF TASK. Journal for Research in Mathematics Education 
8: 231-233; May 1977. 

Abstracted by NICHOLAS A. BRANCA . 10 

Erlich, Oded and Shavelson, Richard J. THE SEARCH FOR 
CORRELATIONS BETWEEN MEASURES OF TEACHER BEHAVIOR 
AND STUDENT ACHIEVEMENT: MEASUREMENT PROBLEM, 
CONCEPTUALIZATION PROBLEM, OR BOTH? ^ Journal of Educa- 
tional Measurement 15: 77-89; Summer 1978. 

Abstracted by JOHN DOSSEY - 12, 

Geeslin, William E. and Shar, Albert 0. AN ALTERNATIVE " 
MODEL DESCRIBING CHILDREN'S SPATIAL PREFERENCES. 
Journal for Research in Mathematics Education 10: 
57-68; January 1979. 

Abstracted by KAREN FUSON ..... 16 

Jotmson, David W. ; Johnson, Roger T.; and Scott, Linda. 

THE EFFECTS OF COOPERATIVE AND INDIVIDUALIZED INSTRUC- 
TION ON STUDENT ATTITUDES AND ACHIEVSIENT. Journal of 
Social Psychology 104: 207-216; April 1978. 

Abstracted by WILLIAM KIBBELINK . . v . ^ 22 

Kuts, Rom:: 4. AN ANALYSIS OF THE USE OF MATH MANIPULATIVE 
MATERIALS IN NORTH DAKOTA. Grand Forks, North'Dakota: - 
&ireau of Educational Research at^ Services, August 
1977." 

Abstracted by CLYDE A. WILES 25 

Lesh, Richard and Mierklewicx, Diane (Editors). RECENT 
RESEARCH CONCERNING THE DEVELOPMENT OF SPATIAL AND " 
GEOMETRIC CONCEPTS. Columbus, Ohio: ERIC Clearinghouse 
for Science, Mathonatics, and Environmental Education, 
May 1978. ERIC: ED 159 062. 

Abstracted by MICHAEL HITCHELMORE ; ... 31 
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Michaels, Jaaes W. EFFECTS OF DIFFERENTIAL SEU&RDIKG A19D 
i SEX ON MATH PERFORMANCE. Journal' of Educational 
^ Psychology 70: 565-573; August 1978. 

Abstracted by BOYD D. HOLTAN . . . .' 

« 

Nicholson, A. R. KATHEMATICS AND LANGUAGE. Mathenatica 
lo School 6: 32-34; Novanber 1977. 

Abstracted by JAMES H. SHERRILL - 

fenner ■ JohnW. ; Sutherland, Joan; Grant, Roalie; and 
Lawson. Anton E. DISPLACEMENT VOLUME, AN INDICATOR 



OF EARLY FORMAL THOUGHT: DEVELOPING A PAPER-AND- 
PENCIL TEST. School Science and Mathematics 78: 
297-303; April 1978. 

Abstracted by RANDALL I. CHARLES ... 

Russac, R. J." THE RELATION BETWEEN m> STRATEGIES OF 

CARDINAL NUMBER: CORRESPONDENCE AND COUNTING. Child 
Development 49: 728-735; September 1978. 

Abstracted by MARKITA P. GULLIVER 

Shann, Mary H. ASSESSING AVAILABILITY FOR BASIC SKILL 
DEVELOPMENT IN THE ADOPTION OF A NEW CURRICUUIM. 
Paper presented at the Annual Meeting of the 
American Educational Research Association, March 1978. 
ERIC: ED 158 374. 
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Abstracted by JOHN TARR 



Mathematics Education Research Studies Reported in 
Resources in Education (June 1979) 



Be8iot» Annie and Coisitl, Claude. UNE ETUDE SDR L'APPBOC^ 187 KOMBRE 
PAR L'ELEVE DU COURS PREPASATOIRE, Educational Studies In Mathematics 
9: 17-39; February 1978. 

Abstract and comnients prepared for X.M.E. by GERALD A. GOiDIN, 
Northern Illinois University. 

1. Purpose 

Tlilfl study explores some of the processes used by children In under- 
standing natural numbers . The children are of ages 6 and 7, enrolled in 
the Cours Pr^eparatoire (CP.). The following questions are asked s (1) 
What procedures are spontaneously used in order to construct a set 
equivalent to a given set; or, alternatively, to construct a set having ' 
B»ore elen^nts than a given set? (2) Are sot^ procedures more frequently 
and/or loore successfully employed than others? (3) How are the answers 
to these questions affected by schooling and by the child's psychogenetic 
devefopment? 

I 

2. Rationale 

In discussing the undier standing of natural nussbers. it is widely 
recognized that three numerical "domains" may be discin^ished » each 
with its own specific preferred method; Ca) whole numbers from 0 to 6, 
global perception; C|) whole numbers from 7 to 20 or 25, one-to-one 
correspondence; (c) whole numbers above 20 or 25, correspondence by 
regrouping ipaquet par paquet) . This study Is Intended to provide xKjre 
detail concerning the processes employed in understanding the seccmd of 
these numerical domains. 

3. Research Design and Procedures ' 

ttad tasks are used in this study, in individual structured inter- 
views with the children. In Task A, 15 red chips (Jetona) are spread 
out on the table by the experimenter. The child has a container with 25 
blue chips, and is asked to "Take out as many blue chips as there are 
red chips." If the child takes all the blue chips, ^r does not respond 
to the question if ait n'importe quoi) ^ or does nothing at all, the 
instruction is repeated with the additional phrase, "If you wish, you 




nay touch the red chips,'* l^atever the outcoiae, the child Is next 
Mk«d, **Are you sure that you have aa naay blue chips as red chips?" 
Those children vho are not aure* or vho ara sure but are in fact 
wrong, are then asked to check their results Csone children check 
their results, spontaneously). 

In Task B, 18 yellow chips are placed on the table; the child again 
has 25 blue chips. This time the instruction is, "Take more blu^ chips 
than there are yellow chips." If the child does not respond to tf^. 
question or does nothing at all, the Instruction is repeated with the\ 
phrase, "If jrou wish, you may touch the yellow fchips." Whatever the \ 
outcoaie, the child is next asked, "Arc you sure that there are oore 
blue chips than yellow chips?" and in the event of a ainple "Yea," the 
child is asked, "How do you know?" 

The tasks are accompanied by a record sheet which is filled out 
during the interview. On this sheet the behavior of the child at each 
atep la classified in one of several possible categories, based on the 
method employ&d or the response given to a question. For example, in 
I Taak A when the child is asked to "Take as mmy blue chips as there are 
red chips," the investigator makes afnote as to whether or net the 
arrangement of red chips is awdlfi^. Then the taethod used by the child 
is listed as one of the following i counting; correspondence by regroup- 
ing (peEi* paquets); pairwlse correspondence; stqterposition; arrangetaent 
in facing rows; taking all of the blue chips; doing something elaie 
(n'vf^rte quoi); doing nothing; or other (described). The success or 
lack of success of the child at each step ia also recorded. 

The tasks are administered to 121 children in six different CP. — 
four urban, one rural, and one in a small indua trial town. Most of the 
tables report the outcomes descriptively, in terms of the number of 
children who succeed or fall at each atep on each task, the number who 
employ each strategy on each task, and so forth (see below). Some of 
the outcomes are examined by means of 2x2 contingency tables, and chl- 
square tests of significance are used— for example, to determine Aether 
the choice of method (counting ys. one-to«^e correspondence) Influences 
success on the task, whether initial success is associated with the 
child's expressed certainty of success, and. ao forth. 

r 



4* Pliidingg 

On Task A, 52 of the X21 cblldren aucceeded and 69 did not succeed 
In constructing a set equivalent to the given aet. Among the 52 vfao 
succeeded, there vere 48 vho vere sure of their results; among the 69 
vho did not succeed, only 44 vere sure of their results. Forty-two 
of the 69 children were able to correct their initial constructions 
vfaen asked to verify their results; the resnaining 27 may he said to 
have completely failed the task, either because of complete lack of 
comprehension of the instruction "as many as" i**autmt^}f or because 
of the inability to find or to carry out an applicable strategy. 

On Task B, 81 children succeeded unffisbiguously In constructing a . 
set larger than the given set; aiaother 24 satisfied the condition of 
the task without it being possible to establish whether this was due 
to global perception or to chance; and 16 failed to construct a set 
having more elements than the given sec. Only 3 of the 52 children 
who succeeded on Task A failed on Task B; while 18 of the 27 children 
who failed completely on Task A succeeded on Task B. 

On Task A, only 31 of the 121 children spontaneously manipulated 
the red chips; 21 of these succeeded in the task on the first instruc- 
tion. Of the 90 children who did not spontaneously m^mipulate the red 
chips, only 22 succeeded in the task at this point. The instruction, 
"If you wish, you may touch the red chips," was only given to the 48 
children who evidenced no strategy; 12 of these now manipulated the 
red chips, and 5 of the 12 succeeded in the task, while of the 36 vho 
still did not manipulate the red chips, only 4 succeeded in the task.* 
A chi-square test on the 121 subjects indicated that manipulation of 
the red chips was associated with success on the task at a .01 lei4l 
of significance. 

Similarly on Task B, manipulation of the yellow chips appeared to 
be associated with success. 

On Task A, the following main relevant strategies were employed 
by a total of 92 children: counting (51), one-to-one corresp<mdence 
(37), and correspondence by regrouping C4). One»tonone correspondence 



*These %rho refer to the original paper may wish to note that in Table 
II (cont.), the headings cui and non of the columns appear to be reversed 



iraa further brokan down l^to arraagcat^t in facing vpv (8) , su]>er- 
poaition (5), and other painriae eorreapondence (24), • Of the 80 
atudenta vho carried out a verification of their reault'oa Taak A, 
the atrategies uaed were 8 counting (41), one^-to^ne correapoadance 
(25), correapondence by regrouping (3), and othera (11). 

On Taak B, 82 children uaed atrategiea which could be daaaiftod 
under the rfjove headinga, with a alightly different or«lcr of frequency; 
one-to-one correapondence (44) , counting (36) , correapondence by regroup^ 
ing (2). In addition, 26 atudenta uaed the atrategy of emptying the 
whole container of blue chips. 

On Taak A, there waa a relet ionahip between atrategy used and 
aueceaa (p< .10). Twenty-five of the 37 children who uaed one-to-one 
correapondence aucceeded on the taak, and 25 of the 51 children who uaed 
counting aucceeded. There waa no significant relationahip between atra- 
tegy used and the expression of certainty by the child, there waa a 
aignificant aasociatlon (p <.01) between auccesa on Taak A and the 
expression of certainty by the child. 

Finally, there was found to be a conaidersble degree of conaiatency 
in the atrategies used within each taak, aa well aa from Taak A to Taak 
B. Fifty-one of the 121 children uaed the same strategy from beginning 
to end. 

5. Interpretations 

The resistance of many children to touching the chips on the table 
apontaneously is noteworthy. This is a possible consequence of teaching 
practices, and is especially unfortunate because of the strong associa- 
tion observed betwen manipulation and succeaa on the taaks. 

The children' a greater success on Taak B may result either (a) from 
the possibility that the concept "more" is better understood than the 
concept "aa many as or (b) from learning which takes place during Taak 
A, or (c) from the fact that a proceaaing error (e.g., miacounting) doea 
not lead to failure on Task B aa aurely as it would on Taak A, 

A meaaure of the "operationality" of a method is defined to be the 
number of children using the method aucceasfully, divided by the total 
ttuaaber uaing the method. One-to-one correspondence has a greater 
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operationiillty CO. 67) than docs couatlng (0.49) for this population. 
In thA glvtn numerical donaln (for vhlch one-to^n« corraapondenca wa»- 
Identified In the rationale aa the preferred nethod). Operatlonalltlea 
of oethode were not cospared for Task B, since here a msthod could ^ead 
to a correct answer even nhen used incorrectly (e.g., counting). 

More children used one-'to<»one correspondence than used counting on 
Task B, In contrast to Task A. This nay resiait either C«) ffoia the fact 
that Bchool Instruction stresses counting nalnly In the context of deter- 
mining the cardinality of a given set, or Cb) from non^stery hy CP. 
children of the order relationship aiK»ng nuahers of this magnitude, 

ifestractor'a Comments 

Among the strengths of this study are (1) its delineation of a set 
of alternative methods or strategies for carrying out the two tasks, and 
(2) the creation of a structured interview framework for observing, 
recording in detail, and comparing the effects of strategy uaage. The 
strategies identified appear to be tridely used by children at thia age 
level; thus we have the prospect of comparing their usage frequencies 
and operationalltles for other populations and other ntmierical domains. 

An important question in evaluating this study is that of the 
reliability of the classification of behaviors by the experis^nter. We 
are not provided with detailed definitions of the behaviors which were 
recorded—for example, without a definition for "manipulation" of the 
chips on the table, it is unclear whether children who counted those 
chips by pointing at them were considered to have "manipulated" them. 
There is also no mention of any attempt to cross-check the classification 
of behaviors; for exaa^le, by having them scored independently by laore 
then one observer during the course of the Interview. From the Infonaa- 
tlon provided it would probably be quite difficult to replicate this 
study with confidence that the aame strategies were being recorded. 

The major difficulty with the study is one's inability to draw 
conclusions from the data. In thia experi^nt we have a single pair 
of taska in a fixed sequence, end a mixed population- of children vlth^ 
a variety of instructional histories. Consequently, when one strategy 
is observed to be used more frequently or more effectively than another « 

9 



it i* *_pgiogi ifl^ostlble to dfttcralne vfattCher the effect ie^due to 
[ («> eheractecletlee of the teeke or their eequenee. or Ch) cOiarecter- 

letice of the population, such as age or developmental level, or Ce) 
* the inatructienal hietoriea of the children. 

TO elaherate on this point, consider the finding that counting 
vae leae operational than one-to-one correapondence. On the surface 
this appears to he a statasmnt ahout the children's development. How- 
ever, in a atrictly logical sense, one can argue that counting is the 
perfomance of tvo successive one-to-one correspondences t first the 
correspondence of the chips on the tahle vith the standard sounds for 
the nuBbers, then the correspondence of the sounds vith the chips taken 
from the child's container. The probability of success i^ performing 
the operation twice might be expected approximately to equal the square 

# 

of the probability of success in performing the operation once; and 
indeed 0.49 is quite close to the square of 0.67. This kind of analy- 
sis seeks to attribute the finding to the intrinsic structure of the 
task. A compelling argument could also be made for attributing the 
finding to the nature of the school instruction which the children had 
received up to the point In the year when the study was conducted Cthe 
end of the second trimester of the school year). 

The authors of the paper are careful not to draw unjustified con- 
clusions. >fore meaningful interpretations of the findings voald have 
been possible if the experimental design had permitted^soae variables 
to take on a range of values while others were held constant. For 
instance, the tasks could have been administered in the opposite order 
(Task B first) to half of the population; or an equal number of child- 
ren could have performed the sas^ tasks but with a larger number of 
chipa; or the identical procedures could have been followed with 
children at distinct levels of schooling. The absence of any such 
experimental varieble limits the conclusions which can be drawn. 
Despite this severe limitation, the report is instructive and informa- 
tive, and should motivate additional research into the factora 
influencing children's strategies. 
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Brcswn, John Seely and Burton, Richard R, DXA®K)SnC MODELS FOR 
PROCEDURAL BCGS IN BASIC MATHQiATlCS SKILLS. Cambridge, Masaachu- 
aectas Bolt, Bcranek and Kei«iaan, Inc.', Decdnber 1977. ERIC 8 
ED 159 036. 



Abatract and coomenta prepared for I.M.E. by GEORGE W. BRIGHT, 
Northern Illinois university. 

1. Purpose 

The report presents an application of a coi&puter-baaed procedure 
for developing diagnostic models of chi|4ren'8 errors with conputa- 
tional algorithms. Subtraction of vhole lumbers is the applicatioa 
chosen. The report is not primarily an empirical investigation, but 
rather is a development of a tool for diagnosing snudents' difficul- 
ties. 

2, Rationale 

The term, diagnostic model , is used "to mean a representation of 
a student's procedural knowledge or skill that depicts his Intemali- 
sation of a skill as a variant of a correct version of that skill." 
A diagnostic modeUfor a student's errors is identified by computer 
analysis of the errors. The computation algorithm (e.g., subtraction) 
is analyzed into subskllls (subprograms) which can be called up as 
needed. This list of subprograms is then expanded to include erroneous 
variants (bugs) which may be used by stud^its to obtain incorrect 
answers. These bugs may be identified through theoretical ao&lysia 
or analysis of student's work. A student's problem can be diagnosed 
by comparing her/his answers to those produced by the bugs so identi- 
fied. The bug that reproduces the student's ani||er6 would model a 
probable cause of the student's difficulty. 

Several levels of variants can be handled In this model. Simple 
errors (e,g,, subtracts smaller digit from larger) can be identified, 
and these simple errors can be combined (e.g., 0-S-N AND stops borrow- 
ing at zero) , The extent of anslysia which can be carried out by 
cos^uter is greats than could be done by an individual. 
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3, Research Design and Procedures " 

The procedures have heen adapted to a quasl-simulation setting in 
vfaich the computer acts as an errant student and an individual tries 
to diagnose the bug. The individual presents problems to the computer 
vfaich computes according to the selected errant behavior. When the 
individual believes a diagnosis is 'achieved, the computer presents five 
problems which t*he individual is then to compute according to the 
errant behavior. If the responses are consistent with the errant 
behavior, the true error is identified by the computer so the Indi- 
vidual can check the diagnosis. If not, the individual presents more 
problems to the coa^uter to help rediagnose the errant behavior. 

This simulation was used with preservice teachers Cfor about 1 1/2 
hours) and with seventh- and eighth-grade students Cfree use during a 
school term). No further details about experimental procedures were 
given. 

' The procedure was also applied to a data base of 1325 fourth-, 
fifth-, and sixth-grade Nlcaraguan students. These students had 
previously been tested on simple and complex addition and subtraction 
problems, but only the subtraction results were analyzed. Single bugs 
and pairs of bugs were Identified. 

4. Findlnigs 

Anecdotal data are provided for the experiment with preservice 
teachers. The details of the experimental results are referenced. 
Exposure to the procedure improved subjects' abilities to detect 
regular patterns of errors. 

No data for the seventh- and eighth-graders are reported, 
A total of 60 single bugs were ^entified for the Nlcaraguan 
students. In addition, 270 pairs of bugs were identified whose 
"symptoms" were different from these of the single bugs and different 
from each other. The single and double bugs were used to categorize 
students according to "likely" explanations of difficulties. Although 
the classification was completed, there was no opportunity to follow 
up with the students to verify the diagnoses. 



5- Ititerpretdt ions . . 

One projected use for che procedure is to determine how veil a 
test can diagnose errors. That Is, If two bugs produce the same 
answers for the problems on a test, then the test cannot distinguish ^ 
among these as explanations for the errors. Identifying bugs uniquely 
is clearly a desirable trait of diagnostic tests, 

•J 

* Abstractor's Consaents 

The pa. ^r is obviously^^i|^typlcal of those abstracted in IME, 
It is basically a feasibility 'study of a coaqjuter procedure for cate- 
gorizing students* errors according to possible es^lanations of the 
causes of those errors. As such it is quite convincing. 

The major difficulty in applying the procedures outlined would 
seem to be the expense in time and effort to generate appropriate 
computer programs for each algorittei of interest; there are many 
algorithms for which one might want to diagnose errors. ^lonceptually, 
the ideas seem fairly straightforward. The procedure would seem to 
have important potential as part of real-time, interactive, computer- 
based tutoring systems. 

I would like to see a diagnostic test developed for subtraction 
^ich would be able to diagnose uniquely the bugs identified by the 
authors. Of particular interest would be the number of problems^ 
required. Field-tests of the test would also be of considerable 
interest to many mathematics educators. 
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^Domarln, Suaanne K. CONJUNCTi;VE INTESPRETATIONS OF LOGICAL CONNECTIVES: 
REPLICATION OF RESILTS USING A NEW TVPE OF TASK, Journal for Research 
In Mathematics Education 8s 231-233;* May 1977, 

Abstract and' cojaoents prepared for I.M.E. by NICHOLAS A. BRANCA, 
San Diego State University. 

■ • 

1. Purpose ^ \ ' ^- 

To examine prosp^cffeLve element Ary school teachers* interpretations of 
logical connectives when they appear in single states^nts concerning nathe- 
matical relations. / 

2, Rationale 

Earlier studies repoTt contrasting findings on subjects' performance 
on inference^ tasks (O'Brien, Shapiro, and Reali, 1971; *0amarin, 1977), 

^ Research Desllitn and Procedures • . - - 

An eight-item test consisting of four two-question subtests on each 
of four connectives (conjunction, disjunction, conditional, and bicondi- 
tional) was a^inistered to 65 presefvice elementary school teachers. 
Items were scored 1 if correct and 0 if incorrect or omitted. Means, 
standard deviations, and reliability estimates were computed for each 
subtest and the statistics and error patterns were exaciined* The .acaly- 
ais was repeated after scoring tha iteins as if they^weife all conjunctions. 

4. Findings , " . 

Mteans, Standard Deviati^, and Reliabilities for 2-1 tem Tests 



Connective 



Conjunction 
Disjunction 
Conditional 
Biconditional 



}fean 


SD 


Tetrachoric r 


1.9A . 


.52 


.95 


.60 


,74 


.80 , 


.05 


.28 


,65 


.08 


.37 


.93 
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Statistics for 2..Item Tests Scored for Conjunctive Interpretation 



Co^ective 


Hean 


SD 


Tetrachoric r 


/Conlunction 
/^Disjunction 
' Conditional 
Biconditional 




1,94 
.78 
.1.71 
1.80 


.52 
.85 
,52 
.48 


.95 
.91 
.94 
.97"^ 




5, Int«gretations 

.^€Mn the context of elementary school tnathematica , pre service ele- 
mentary teachers have a better understanding of the inclusive "or" than of 
Ji^lication, tfost subjects consistently treated the conditional and bi- 
conditional as if they were conjunctions and 17 of the 65 subjects inter- 
preted the disjunctive "or" that way. Fifteen subjects treated the dis- 
junctive "or" in a manner consistent with the logical "inclusive or." 



• 

Abstractor's Coganents 



The major question regarding this study is its generalizabillty to 
both subjects and content. The test items were specific to odd and even 
numbers and cannot be said to represent the context of elen»ntary mathe- 
matics. The subjects were preservice elementary school teachers enrolled 
in the first of two required miatheoatics courses. Their background in 
logic is not described, yet the interpretation of the results depends 
on whether the test was administered before or after exposure to this 
content. If the subjects had no exposure to logic concepts (as one would 
assume from the report of the study), then their tendency to treat the 
conditional and biconditional as equivalent to the conjunction is under- 
standable. 



\ 



ERIC . 



ib 



Erllch, Odcd mnd Shavelson, Richard J. THE SEARCH FOR CORBELATIOIIS BETWEEN 
MEASURES OF TEACHER BEHAVIOR AND STUDENT ACHIEVEMENTS MEASUREMENT PROBLEM, 
CONCEPTUALIZATION PROBLEM, OR BOTH? Journal of Educatio nal Measurement 
15! 77-89; Summer 1978. . 

Abstract and cooments prepared for I,'M,E. by JOHN DOSSEY, 
Illinois State University. 

1, Purpose ^ 

The purposes of the study were "Ca) to provide data bearing on the 
generallzability of measures of teacher behavior over several facets of 
their measurement, and Qa) to determine whether the lack of significant 
correlations between measurements of teacher behavior axid student achieve- 
ment is due to problems in the generallzability of their measurement, in 
their conceptualization, or both," 

I 

^ 2, ^ Rationale 

With the advent of operationally defined variables In ths atud; of - * 
teaching, several attempts have been made to find significant correla^ 
tions between various measures of teacher behavior and student outcomes. 
The resulting low correlations indicate that teaching acts or teaching 
effects on student achievement are unstable for the most part CShavelson 
and Dempsey-Atwood, 1976), To understand the reasons behind these low 
correlations, generallzability theory (Cronbach, Gleser, Nanda, and 
Rajarathnam, 1972) Is applied to the analysis of the data from- one such 
study. This results in a set of teacher behavior variables which can be 
reliably measured over occasions and raters in studies of teacher effects, 

3, Research Design and Procedures 

The study analyzed samples of 10 fifth-grade teachers' behavior in 
instructing their reading and mathematics classes. This was a reanalysls 
of some data which had been collected In the Beginning Teacher Evaluation 
Study. Each teacher was observed on three different days (occasions). 
On each of these days, both the AO-minute reading and mathematics classes 
were taped (subject matter). These video tapes were then rated by a panel 
of observers on a cluster of teaching behaviors (raters). 



ERIC w 



9 



13 



The video tapes wsre coded vlth respect to both the frequency of 
particular teaching behaviors and global aspecta of the teaching per- 
fonaances. The resulting data were structured for analyals using the 
following five clusters of teacher behavior variables: (a) presentation 
of content, (b) teacher questions, .(c) teacher feedback and claserooai 
aanagement, (d) Interpersonal behavior, and (e) global ratix^s. 

' JJue to the small nuniher of teachers, raters ^ and occasions, the 
data were checked for congruence in the error square magnitude with the 
data from the previous Shavelson and Dempsey^-Atwobd study to prevent the 
interpretation of the spurious effects of some chance variation. The 
data were then analyzed by a computer program developed by the authors 
which split the variance into the universe score variance and three 
sources of error variance i the teacher^^ccaslon intcractlcm confounded 
with occasion variability, the teacher-rater interaction, and the 
teacher-rater-occaslon interaction confounded with the rater-occasion 
interaction' and unidentified sources of error. These error sources were 
labeled as the Or-term, Rr-term, and Er-term respectively, 

A particular teacher behavior variable was labeled as generallzable 
if its relative universe score variance exceeded 0.10. This coefficient 
of generalizablllty is likened to the Index of reliability in classical 
test theory i These coefficients were computed across the 10 teachers, 
4 raters, and 3 occasions. .- * 

4, Flndlnga 

Within the cluster of teaching behaviors called presentation of 
content, only one of the 10 variables was judged generallzable. This 
was the variable called "giving an explanation." Its error variation 
was almost entirely explained by the E-tero (89 percent). Since it was 
the only variable in this cluster Judged generallzable, no pattern could 
be established for its measurement. The instability of the'^ther varia- 
bles in the cluster agreed with the earlier Shavelaon and Dempsey-Atwood 
findings. 

In the second cluster, teacher questions, three- of the seven 
varlablea were Judged generallzable. These variables were "asking for 
aa answer "asking if information was undcra.tood,^ and "askiog for 
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agreeaent." The e- or for these three verlahles w due to the O^tem 
end the E-tena end not to the Rt-tem, Eence theee veriahlea can he 
aeaaured reliably vlth a aoderate nuaber of occaaiona. This finding 
WM in partial ^greMKnt with the Shavelion and D«ap«ey**Atwood study. 

In the teacher feedback and classroom manageoent and control 
cluster, the variables vere divided into the subcategories of positive, 
neutral, and negative fsedbaek. The analysis of the first subcategory 
shoifed that three of the positive feedback variables were generallzable 
Csis^le knowledge of results, elsborated knowledge of results, and posl*- 
tive physical feedback) . The pattern of error variation showed an even 
dUtribution of each of the sources, indicating that these variables can 
be reliably aeaaured with a mintnutl nuaber of raters and occasions. In 
the neutral and negative feedback subcategories, the variables exceeding 
the 0.10 criterion did not have patterns which would allow the,explana*» 
tion of the conditions under which they would be generali2Eable, Again 
these findings generally agreed irith those of the earlier study. 

Five of the interpersonal befisvior variables were judged as being 
generalizable. The first group, called probing behaviors, weres "direc- 
tions to child to elaborate with knowledge of results," "asking for 
development of a response," and "direction to try again." The pattern 
of the sources of error variation for these measures was evenly distri- 
buted across the sources of error variation. Hence, theae measures can 
be reliably made with a reasonable number of raters and occasions. 
The two variables labeled generallzable in the non-probing subcategory 
had the majority of their variation due to the E-term. In order to 
Increase the generalizability of these measures, additional study would 
have to be made of the sources behind the magnitude of the E-tcrm. 

In the global rating cluster, several variables were judged as being 
generallzable. For most of these the source was the 0-term and the R- 
terra, with relatively low contributions due to the E-term. These find- 
ings suggest that the global behaviors can be reliably measured with a 
reasonable number of raters and occasions. These findings also agreed 
with the earlier study on the generalizability of the global variAles. 
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5, Interpretations '.' 

Tbe itudy of the f Indinga concerning variablet labeled as non- 
geccrallzable In studies *»£ teacher behaviors and student outcooes in 
general shows a pattern of Inconsistent correlations. The few cases 
where this is not the case need to be esoniined closer to see if the 
probleQ resides in the neaaurement procedures employed or in the con- 
ceptualization of the variables. The study of the findings shoving 
consrstent non-zero correlations in studies of teacher b^avior and 
student outcomes tend to be on variables labeled here and in the 
previous study as being generalizable measures. 

. Before additional studies of correlations between teacher variables 
snd student outcomes are made, the generallzabllity of the various 
measures needs to be examined with respect to the nusaber of raters and 
occasions necessary to make any kind of generalizable statements. In 
cases of non-generalizable variables, the cause for the non<- 
generallzablllty needs to be examined. Is it due to the conccptuali-^ ^ ^ 
xation of the variable or the nusasurement process or possibly both? 

A^traetor^s Comments 
The present study was well done. The authors carefully constructed 
their o«3del and provided adequate safeguards against spurious findings. 
While their numbers were low, they carefully and consistently interpreted 
their findings in light of the model and the data. The results are 
iB^ortant and should lead to substantial reanaiysis of many mathematics 
education studies which have attempted to relate teaching behavior 
variables to student outcomes. As such, the article la a valuable con- 
tribution to the literature on the development of methods for the study 
of teaching and the construction of theories of classroom Instruction. 
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GecsUti, Willian E. and Shar, Albert 0. AN ALTEBKATIVE MODEL DESCRIBING 
CHILDREN'S SPATIAL PREFERENCES, journal for Reaearch in Mathenatlca 
Edacation 10s 57-68; January 1979. 

Abstract and cooanents prepared for I.M.E, by KAREN FUSCJN, 
Northweatem University. 

1. Purpoae 

This study examined cbaracteriatics of teat Iteioa used in researching 
Plaget*s topological-to-Euclidean hypothesis. The hypothesis proposed in 
this study was that performance will vary with the amount of distortion 
of a choice Item from the atandard item, rather than with the particular 
type of distortion (topological vs. Euclidean) regardless , of its differ- 
ence from the standard. A particular method of measurins the amount of 
distortion in geoiMstric figures is proposed and tested. 

! 

2. Rationale . . • *^ • 
Previous research attempting to aacertain whether topological con- 

cepta are understood before Euclidean concepts has yielded contradictor/ 
results. Many test items in this literature consist of a standard and 
two choice items, one of which is a topological variant of the aample 
item and one of which is a Euclidean variant. Subjects are asked to 
choose which one of the choice items is n»8t like the standard. The 
results are examined for a shift with age from topological choices to 
Euclidean choices. However, the amount of difference between the stan- 
dard item and each choice item has been uncontrolled. 

3. Research Design and Procedures 

The standard and choice items were viewed as being composed of sets 
of dots (as if they were drawn on lattice-point paper) . The difference 
between a standard and a choice item waa defined as the number of points 
required to change the choice item to the standard. A priori, probabili- 
ties for the selection of each variant were calculated by dividing the 
nunsber of points required for one variant by the auisi.of the points 
required for both variants. Topological and geometric variants of each 
standard were selected in such a way that the a priori selection 
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probabilities for the topological variant varied fron .09 to .81 acroaa 
the tea teat Items. Choices were predicted to match these probabilities. 
Four versions of the teat were used, each version being composed of a 
different random sequence of items. 

The test vas individually administered to 345 children from nursery 
school through fourth grade. Each sample vith Its topological and 
Euclidean variant was on an individual page. Each subject was asked t6 
point to the figure that, was most like the top figure. 

The correlation betyeen the a priori aelectlon probabilities and the 
Bctual selections was calculated. Effects of school level (age) were 
examined for the individual test items and for the test as a %»hole. For 
Ihe individual test items, a likelihood ratio test was employed, with 
significance levels determined by the chi-square approximation to -2 In 
X (X- the likelihood ratio). A one-way analysis of variance was run 
using the axim of each student *s responses. Likelihood ratio tests were 
used for alsesSlng the effects of the test version, and a standard- 
normal test was used for eKamlnlng the effects of sex, 

4. Findings 

The Speatman rho for the correlation between the predicted choice 
frequency of topological variants and the actual frequency was ,97, ^ 
With the exception of one item, the star, the rank order of the items 
on the actual frequency was the same as the predicted rank order. The 
frequency of choice of the topological variant was significantly differ- 
ent across grade levels for four items. These differences seemed to 
result primarily from performance by the nursery school subjects, which 
differed from that of the older children. Except for the anomolous 
item four (the star) , the rank ordering of items by frequency of choice 
for grades 3 and 4 and for kindergarteners was identical to the predicted 
order, the rank ordering for second grade contained one reversal of the 
predicted order, that for grade 1 contained 2 reversals, and that for the 
nursery group contained 3 reversals. The age difference on the test 
scored as a whole was not significant. The chl-square analysis on item 
frequenclea in different test versions was significant for four test 
it«BS, and the ANOVA for total scores for different test versions was 
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•ignlflctnt, ExomlnACiOQ of frequsncles for particular Items i» 
different versions yielded im> clear explanation, either mstbenatlcal 
or psychological, of possible sources for these differences. The 
different randcxn versions happened to permit assessBsnt of effects of 
the isssedlatcly prec«ding item and of placement early or late In the 
test. Neither of these was responsible for the differences found. 
Nor war there any evidence of a right<-left bias. There were no signi- 
ficant sex differences in the frequency of selection of topologicsl 
variants for particular tteaa or for overall test scores* Post«-te8t 
interviews in which items were given again and reasons for choices 
sssessed led to the identification of a small number of students at 
each age level who strongly favored either topological or Euclidean 
variants across eight or more items, 

5, Interpret at ions 

The authors interpret their findings as providing streng support 
for their distortion model. They conjecture that* the fact that the 
fourth item (the star with Interior lines drawn in> resulted in almost 
all subjects of all ages choosing the Euclidean variant (star with 
omitted Interior lines) , rather than the topological variant (a flower) , 
was an effect of familiarity with the shape, Se|eral general possible 
eicplanatlens for the age differences in choice are proposed s early 
developmental changes in perception, smaller smaple size, less under- 
atanding of the task, minimal exposure to spatial figures. It is con- 
cluded that "the youngest children responded in a somewhat different 
manner," but this difference is not characterized further. The finding 
of significant performance differences resulting from the sequence of 
items in a teat (the version used) was cited as further support for the 
idea that test items, rather than developmental differences, are 
responsible for the variation in perfotmance in such tasks. 

"Abstractor's Coments 
The authors* invention of an operational definition for the 
difference between (or distortion of) s choice item figure and a 
standard figure is rn extremely useful methodological control for 
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mcarch with geooetrlc figures. The evidence eeeas quite conviAClxig 
thet, vlth the exception of familiar figures, the frequwicy of choice 
of an itcD approximately matches that determined hy the difference 
definition. This study serves as another ii^ercsnt reminder that task 
variables must be controlled before we can make Inferences about other 
sources of performance differences. 

This study Btesmed from a toethodological concern with research in 
thia area. A very creative way to deal with one ioportint difficulty 
in this area was invented. K considerable effort then went into test- 
ing this method: a large sample was individually tested. However, the 
suthors could have given greater consideration to their findings or of 
implications of their findings. The most important limitation in this 
regard is with respect to the application of their definition of 
difference to previous studies. They open their paper by suggesting 
that previous research has lacked an important test-item control. They 
conclude that tfcejr^ethpd d^.es provi4e such a control. It would have 
been extremely informative and fairly aimple for the authors to have 
applied their method to the figures used in the studies to which they 
referred in the beginning of. their paper. As it is,' their paper leaves 
the Impression, overall, that previous research results on preferences 
in topological or of Euclidean variants of a figure reduce simply to 
being effects of the test items used, The extent to which those results 
in fact stem from the nature of the items used can now be assessed by 
the method proposed in this paper, but It must be used before any conclu- 
sions can be drawn. The authors* treatment of this issue seems somewhat 
peculiar. They state, "If the measure C6n be used with previous data, 
thm this whple paper seems rather pointless. The authors were in a 
position not only to know whether their measure could be used with pre- 
viOttS figures (presumably the method works with any figures}, but also 
actually to do so, 

Furthermore, the authors fail to discuss adequately the is^lications 
of their scaling procedure for assessing Pisget's hypothaais. This study 
has provided a way to generate teat itsms matched f«r distortion from the 
standard. It has even provided a measure of such distortion. Studies 
can now be deaigned to examine not only items, that are properly matched » 
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but Also to ucertsin th« «ffv ce of varying the czsoimt of diatortion 
(«.g,, both choices far from standard,^ both choiest close to standard). 
Theae considerations should have been explicitly discussed in the paper. 
Instead of auch a discussion » there is only the rather strange sentence: 
"It nay be that Piaget*8 assertions are valid only when variants at the 
tasie distortion level are used." Presuaiably, the poi&t of their atudy 
vas to develop a oethod of determining vhen variants vera at the same 
distortion level so that Piaget's aaaertions could then be examined 
vith those distortion levels controlled Ci>««. equa^). 

A careful consideration of other aspects of the figures might have 
enabled the authors to account for their age and test version results. 
The ability of figures to be labeled might be one io^ortant factor. The 
exiatencc of a label might account for the previously mentioned over- 
whelming choice of the star without internal lines. It might also help 
to explain performance on the sixth it«B, whose standard was a circle 
and whose overall choice level of the part of the circle was J.0 percent 
higher than the predicted probability. Another characteristic of test 
items that might be examined is the extent, to which part-whole relations 
were maintained or violated. On some items, missing line segments were 
in the interior of the figure, so that their omission left the whole 
the same. On other items, the omission resulted in only a part of the 
figure remaining. Most of the differences between the nursery school 
sample and the older children seemed to be on it«aas involving these part- 
lAole problems, 

Finally, the authors* treatment of the age differences they found 
could have been more analytical. They had 44 subjects at the nursery 
school level; they might have split that sample into high and low (e.g., 
three- and four-yfear olds) age groups to pursue the age differences they 
did find, Th6y might have checked their interview data for clues about 
screes of these differences. A considerable amount of data were 
generated for this study, and a large investment of time went into the 
collection of these individual performances. Any suggestions the authors 
sight make as a result of each further examination of their data would 
not carry, of course, the same weight as a study in which characteristics 
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vmvm specifically laaalpulated, but the hypotheaat provided In ■uch «n 
examination would have been a velcooe complement to the methodological 
advance that Is the main contribution of this paper. 
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JohMoa, David W. ; Johnson, Soger T. j and Scott, Linda, THE EFFECTS 
OF COOPERATIVE AND INDIVIDUALIZED INSTRUCTION ON STUDENT ATTITUDES 
AND ACHIEVEMENT. Jouimal of Social Psychology 104: 2107-216; April 
1978, 

Abstract and comaents prepared for I.M.E. by WILLIAM NIBBELINK, 
Ihilverslty of Iowa. 

1. iPurpoae 

The purpose was to compare learning outcomes for a "cooperative" 
situation and an "Individualistic" situation, using as dependent 
variables: (1) attitudes toward teacher and classmates, (2) attitudes 
Important for socialization of students into society, and (3) achieve- 
taent relative to the oathenatlcs studied. The "cooperative" situation 
involved students wrking in groups of four, seeking help from each 
other rather than from the teacher, with the teacher rewarding the 
group as a whole. The "individualistic" situation involved students 
working on their own, avoiding interaction with peers, securing help 

when needed from the teacher, with the teacher rewarding the individual, 

r 

2. Rationale 

"While there is a great ^aal of research comparing the relai tre 
effects and correlates of cooperative and competitive goal structures, 
there is an absence of research comparing cooperation and individuali- 
zation." Furthermore, the homogeneous setting is usually neglected 
for more integrated settings relative to the study of attitudes ia^r- 
tant for the socialization of children into a heterogeneous society, 

3. Research Design and Procedures 

Of 120 fifth and sixth graders, the 30 with the highest scores 
on a mathematics test were selected and then ranked on the basis of 
mathematics performance over the five preceding months. The first 
14 even-numbered students (3 boys and 11 girls) were assigned to the 
Individualized condition; the other 16 (9 boys and 7 girls) to the 
cooperative condition. Four cooperative groups were for^d, each 
eooalsting of a high achiever, a low achiever, and two average 
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Actilevers from the 16, All students were froo upper"alddle-H:la.as 
homes » sad, as a group, the 30 were aI)ove average acadeoically. 

All students o^t at' the ssoe locatidn under the saxoe teacher for 
60 Binu^es of mathematics a day for SO days, the mathe&iatlcal c<mtent 
vas 'structured for use as an individualized program and was new con- 
tent to the st:'udents« Each day students in the cooperative condition 
moved their desks together to form their groups pi f our^ and students 
in the individualized conditions moved their desks to Isolate them- 
selves from other children. Data were collected during the 50 days, 
a(_J^e end of the period by a posttest, an two month's later 'by a 
retentlbn test. 



4, Findings . ' ^ ^ ' 

\ "The results ihdicate that cooperative learning promoted more 
positive i|tt'itudes towards heterogeneity among peers, higher self- 
este^, more- positive attitudes toward the teacher, fellow, cooperators, 
and conflict; iaore' internal' locus of aontroil and higher daily achieve- 
ment." 

On both- the mathematics po^ttest and the mathematics retention 
test, the stJdents in the individualiged condition did bette)^ when 
the tests wer^ taken* |.ndividually, ' 

5, Interpr e tat ions 

Clearly, the students involved in the study constituted a homo- 
geneous group, being white, u^er-middle-class, high-achieving 
children. "In such homogeneous settings teachers can incr^^e student 
'Valuing of ethnic, sex role, and cultural heterogeneity among peers 
through structuring, leatfting situations cooperatively," however, 
"generalization of results is limited by the specific math materials 
used, the nature of the students participating in the study, and the 
size of the sample." 

Abstractor's Comments „ 
Although it is fashionable to use the student as the unit of 
sampling vith studies such as this, it is quiestionable . The teacher- 
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MS clearly part of both treatments, and not equally part of both. 
The authora reported that mtay In -the Indivldttalized condition taen- 
tioned "not liking to wait for the teacher's help" and being concerned 
"that they would appear dunib," Such feelings about seeldng help could 
have been detenained In part by the teacher, which could, in turn, 
have imp licat ions for any measure of attitude administered in that 
setting. 

Both groups came from an Individualized condition into the con«fi- 
tions set up for the study. Thus, tie individualized condition was a 
continuation of a condition while the cooperative condition represented 
a change. The problem of differences being in part a reaction to 
change exists. 

Administering both conditions in the sasie room at the same time 
admits its own batch of problems. If an analogy is permitted, ham^ 
burgers taste different when everyone is having hamburgers than when 
half the follts are enjoying steak. The authors suggest that thie 
children who worked in groups had more positive attitudes toward 
conflict than those who sat quietly alone during whatever conflicts 
took place in that room. This may suggest simply that argument is 
more valued by those who argue than by those who are forced to hear it- 
Also, the less positive attitudes toward the teacher by those who sat 
alone may be a reaction to being deprived of visiting others by that 
person, for 50 days, while other students were encouraged to visit. 
Briefly, there is a considerable risk with this study that the 
measures of attitude yielded results peculiar to the very atypical 
expericiental conditions. 

The study should be viewed as a pilot study which presents some 
interesting questions and offers suggestions for treatment conditions 
and dependent variables. General statements about the relative merits 
of the "individualistic" situation and the "cooperative" situation are 
not warranted. 
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Rutr, Ronald. AN ANALYSIS OF THE USE t)F MATH MANIPCLATm IttTERIAlS 
IN NORTH DAKOTA. Grand Forfcs, North Diikotas Bureau of Educational 
Bsaearch and Services, August 1977. 

Abstract and conronts prepared £or I.M.E. hy CLYDE A. VILES» 
Indira University Northvest. 

1, Purpose 

This survey study was to provide infonoation "n^ded to plan better 
pre and inservice tnathematics programs" for Eleaentary School Teachers, 
The questions to be addressed vere identified as f ollovs (pa^ 2) : 

1, What mathematics oanipulative materials are currently being 
used in North Dakota eles^ntary school classrooms^ and to 
what extent? 

2, Who is using them? 

2, Rationale 

The basic rationale derives from two beliefs. First, that physical 
interactions of children with the environment produce fl^ntal growth and 
understanding. And second, that the use of mathematics manipulative 
materials (mmm) has remained fairly limited in the schools. The reason 
for this study was thus "the perceived discrepancy between theoretical 
need for manipulative experiences and common teaching practices focusing 
on the textbooks." The goal was to discover what factors affect the use 
of in the classroom and to design responses at the pr^service or 
in-service level to effect an "increased intensity and diversity in use 
of mmm. " 

3, Research Desisn and Procedures 

The basic design was a self-report questiom&aire survey of teacher 
characteristics, prsctices, and attitudes concerning obbb, a tabulation 
of these data, and a series of correlations between a measure of "inten«- 
sity and diversity" of the use of mmm and the other faptors surveyed. 
Population ; The population sample was all the elemfiitary teachers of 
North Dakota elementary schools with level 1 accreditation (approximately 
1000) and enough randomly selected schools with level 2 and 3 
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accreditation to provide a pool of 500 teacheri froa each of these levelt. 
A total of 2100 questionnaires were distributed to a total of 147 schools. 

Questionnaire ; The questioo'aalra consisted of 21 Iteas. The content of 
the questionnaire was reviewed by seven people not directly associated 
with the surveys. The questionnaires were distributed to buildins princi- 
pals of the selected schoolsv Principals were requested to give them to 
their, teachers, and then collect and return the cotBpleted foras. No 
attea^t was made to aacertain which schools or teachers returned comr 
pleted fortes, nor, for that matter, the proportion of reaponses within a 
given building. The total return was 989 C47 percent) questionnaires from 
116 <79 percent) of the schools;* 

Data Analysis : A number of tables presented the reaponaes by grade level 
taught as well as by total. In' addition to reporting the data by item 
and category, another variable vaa constructed. In brief , if a teacher 
checked that bbbb were used "a little," a score of 1 or 2 was determined 
on the basis of the number of different kinds of mmra that were used; if 
a teacher checked that mm were used "quite a bit", a score of 3 or 4 was 
determined; and if a teacher checked "very extettsively*V a score of 5 or 6 
was determined on the same basis as before. This constructed variable was 
correlated with other measutes. 

While several u^asures of correlation were cmnputed and reported, the 
Pearson r is the statistic generally used in inferring relationships among 
the measures. 



4, Findings 

The frequencies of the various items being used, in the order of 
nost to least were as follows s metric materials C72 percent), counting 
chips (45 percent), bundles of sticks (44 percent), geometric construc- 
tion materials (39 percent) , fraction discs (37 percent) , tangroaa (28 
percent) , geoboards (23 percent) , calculators ^ percent) , attribute 
materials (21 percent), and Cuisenaire rods (20 pei^ent). Math balances, 
fraction bars, "other," and Hultibaae Arithmetic Bars were all less 
than 20 percent. 
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At to the extent of u«e, 35 peceect of the teachcrt reported the 
use of 2 or 3 different types of neterlsls, sad 29 percent reported the 
use of 4 or 5. Forty-elg^it percent .C48Z) reported "little" overeU use 
■nd only 7 percent reported "extensive** use. 

Msny correlations with the constructed Inteoslty-dtvcrslty seasure 
vere significant bpond the .0001 level. The large ssaple sire pro- 
duced significance for r values as low as .11. 

The following correlations were cojsaented upon by the author. 
With respect to source of caterlals s Teachers who own (.33), 
construct (.25), or request C.29) naterials are more likely to 
use thea than those who do not. But teachers with the greatest 
variety of available laaterlals C.44) are the laost likely to use 
them. 

With respect to source of knowledge about materials g The most 
effective source was professional reading (.25), followed by In-- 
service (.19), graduate courses (.17), and undergraduate courses 
C.16). The BKJSt significant factor, though, was the total nmaber 
of sources (.39). 

With respect to teacher belief about the effectiveness of maaa t 
There was a much higher relationship between the use of mm and 
the belief that fast (.23) or average ^ (. 24) leanwra benefit frwa 
their use, than with the belief that slow learners do (.08). How- 
ever, 98 percent of the teachers believed slow learners benefited 
from the ttse of manlpulatlves , rendering this factor impotent In 
distinguishing anything. 

Finally, use of reference books (r - ,26) and knowledge of manipu* 
latlve use (.25) were cited as showing notable strengths. 

5. Interpretations 

Conclusions (paraphrased) : 

1. There are many materials in the schools. 

2. Extent of use is not particularly high. 

3. The relationship between nmm use and learning centers is to be 
Sleeted. It is net clear if the desire to use m produces 
learning centers or conversely. 
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4. Hi* lack of relAtiocMihlp between uee of fana and epedal educ»^ 
tion lettinga vas disappointing. 

♦ 

5. Personal involvc^aent by thm teachers In obtaining bmb and the 
i^perent prefesslonallaai o£ teachers seea to produce the best 
prediction of wn use. 

6. The relative high belief in the value of ma together vlth the 
relative lov usage Indicate a large narket potential. Bowever, 
teachers seeaied lll<-lnforaed about the true cost of tsaterlals. 

Eeaaan^ndat Ions (paraphrased} : 

1. The fastest vay tQ Increase intensity of use of sBoa Is to 
Increase the use of those already in the classrooa. 

2. Since personal involvement in proeurenent of saqa Is related to - 
use* claases for teachers at every level should include «b» 
packages. 

3. Since personal reading la related to use of nss, efforts should 
be directed to Increase the use of journals auch as the Aglth» -» 
netle Teacher . 

4. Support should be provided for the developiunt of learning 
centers. 

5. Further research that better defines the construct "extent of 
use" of xmm should be undertaken. ' 

Abstractor's, Cocnnenta 
This status study was well done sad does provide Inforoatlon that 
can aid in the planning of ini-servlce and pritservlce cojurses. The autiior 
was obviously aware of the difficulties associated with such studies end 
took steps to avoid them. The llsltatlons of the various procedures were 
recognized for the oDst part, and the iBplicstiona appropriately res- 
trlcted. But the stu^ is net without its problems. 

1. There Is no justification presented for the use of r vh«i It 

seoBS that the Speanaan Bho would have been' the preferred ststls 
tie to SKssure relationships between whet arc at most ranked 
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MMurcs. The Rbo Is clearly watm coaiervativ« and the sample 
size provided an overviielBing aaoimt of ststlstical pover. 

2. Ihe probable effect of the special sssple and the probable 
effect of the principals* input to the teae|;iers vas not 
addresaed adequately. While it seeffls likaly that such effects 
would tend to inflate the apparent usage of asm, how this might 
affect the ether variables and the correlations is not at all 
cleaTi 

3. Khile iiBplicit in the title and setting* there is some question 
shout the generalizahility of relationships observed in North 
Dakota to other places such as the Oiicago area» for an extreme 

— eacanple. 

4. The selection of manipulatives the teachers vere to chooae from 
included calculators and metric foeasures. Traditional measuring 
devices^ such as rulers, pints, quarts, etc., ware not included. 
Furthermore, no teacher vas reported to have listed these in the 
"other" category. While this is not a criticism of the study, 
it is curious. ^ 

The author calls for additional research using o«>re clearly defined 
variables relating to the extent of use of nam. this sctffls necessary if 
ve are to respond adequately to the in«-8ervice needs of teachers. I 
would add that such investigations in other settingB are also in order. 
Of course, status findings of relationship do not indicate causation. 
While the data do suggest valid direAions for in-servica work, they do 
not demonstrate that the systematic inclusion of such things as manipula- 
tive packages and subscriptions to the Arithmetic Teacher vould actually 
produce the desired effect. Even more in^resting than the mars use of 
«ODi in the classrMm,. though, is the psfobsble effective use of such 
■atarisls, 

Zn suBBsry, it is this reviewer *s opinion that, vhila the raeonaanda^ 
tions as presented are supported by the data, care o^st be taken to pro- 
vide adequate tlworetical frameworks for ths use of laaa in the c^sssroom. 
tkm axparimental evidence that vas the starting point for this survey 
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imolv the uM of BWi la cmfuUy itmcturad ways. I*« not jwara 
o£ ft body of -^reaemrch that tadieatet tShe acre lacluaion of mm In th« 
curriculum is a««oci«t6d vith or productive of efficient learning. 
Bew«ver, the atudy wa« weU done, pretente intereating data, and ia wall 
north the conalderetion of thoae vho are involved i»ith the training of 
teachera of elementary achool cmthraatiea. 
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Leah, Rldiard and merklcwlca, Diana CE^ltora). ISECSm HESEARCK CON- 
CESJJING THE DE^TELOPMENT OF SPATIAL AND GECMETRIC CO?iCEPTS. Coluflbua, 
Ohio: ERIC Clearinghouse for Science,* Matbematlca, and Environffleneal 
Education, May 1978. ERICs ED 1S9 062. 

Aba tract and coosaenta prepared for I.M.E, by MICHAEL MITCHEDiOSE, 
Unlveraity of the Weat Xndtea, Jamaica, 

1. Content 

Thia book contalna eleven research ||apera and three review articlea 
concerning the learning of spatial and geoaetric concepts from Infancy 
to college age, together with an introduction by the editora and a 
auaaaary by Arthur Coxf ord. All the studies were coapleted in the 1975- 
76 academic year by membera of the Space and Geometry Working Group of 
the Georgia Center for the Study of Learning and Teaching Mathoaatica, 

2. Baclcground 

The Space and Geometry Working Group ia one of nine working groupa 
aet ujp after a series of research workshopa organized in 1975 at the 
University of Georgia. The group meets aeveral times a year to identify 
important issues, formulate reaearchable questions, plan research pro- 
jects, and communicate results. It is believed that such collaboration 
will lead to studies which are "more basic, more to the heart of the ^ 
matter, and consequently more important," that mere coo^lex issues can - 
be Inveatigated, and that the optimal tin® for communication between 
researchers is while projects are being planned. 

3. Brief Abstracts 

^ A. Studies concerning pre-operational concepts 

In the first paper, Leah and Mierklewlcz review the distinction 
between perceptual and conceptiial proteases, and relate both of these 
to the construction of imc^es. They consider how a percept is extracted 
from the viaual array, empha.iizing the Influence of the observer's repre- 
sentational system, and briefly discuas visual acannins, the role of 
perceptual activity, and the interpretation of ambiguous figures. 
Finally, the term "image" is defined, charactertatics of "good" images 



35 



32 

i 

a« tBultifaeeted sTmbols are deaeribad, and tbe relation o£ imagery to 
perception and conception la disoiaaed. 

Lash la aUo the author of the aecond paper, to claaaifled 169 
kindergarten children into five operational ability levela in aerlation. 
All children were ahown a triangulv *t«*y of poker-chipa vbicb they 
were then aaked to reproduce or recognise one vcek and six aonths later. 
Seorea on the criteria taaka were doaely aaaociated with aeriation level. 
These waa a aignif leant laproveownt in seorea froo one week to alx nontha* 
but it waa confined to the aecond and third loweat serl^^ion levela • 
"The author suggests that the encoding and decoding phasei of ae»ory are 
both Influenced by the subject 'a operational ability, and that thoaa 
whose scores laproved had encoded the arrsf correctly, were un^le to 
decode it at one week, but had developed auffieiently to be able to 
decode it more accurately at aix sumths, 

Fuson and Murray tested 96 children aged two to six years f roa two 
bad^rounds on the haptic recognition, construction (using' large or snail 
atlcks) and drawing of small (palm-size) models of a circle, triangle, 
equate, and dlaiMnd, The hypothesized orders of difficulty for haptic^ 
construction-drawing and cirele«-aquare<-triangle-diamond were strongly 
confirmed. Aliaost all chiidr«t haptically identified all flgurea by 
3,6 years. Over two- thirds constructed the square by age 4,0, the 
triangle by age 5.0, and the dlar^ond by 6,0, However, even at 6.0 years, 
less than one- third were able to draw any shape other than the circle 
accurately, loplicatlons and secondary results are discussed extensively, 

UEuslck gave 142 children aged 3k to 9 years a variety of movement 
tasks Intended to highlight the symmetry of distance owasurement. In 
aome tasks, the child walked, ran, or jumped across and back between two 
pointa, sometimes carrying a lead; in others, the child or the investi- 
gator moved a doll. Children were aaked to judge and justify the equality 
of the two diatances. There was no significant difference in performance 
between child and doll tasks, or between participant or observer tasks j 
however, performance following walking was significantly superior to that 
following running and Jumping. The results are Intfirpretcd in relation 
to the role of activity in apatial learning. 
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In the final paper ia thie sect ion, Veinkveig euflttariaiea the Klein- 
Erlasger Program, reviewing basic concepts snd results pertsining to the 
groups of motiona and siailarities, the affine and projective groups, 
snd the group of hoaeo»orphisas. He then considers' aoam sspects of 
research on space and geometry from the Klein viewpoint. 

B. Studies conccminR transitional stages from co ncrete to formal 
4 o perations 

(1) Four studies In this section concern rigid notions . Thomas * 
gave 50 staidents from Grades Ip 3, 6, 9, and 11 three tsake. 
In the first, students indicated whether lengths on ^ loage 
were equal to correeponding lengths on the original figure; 
In the second, they located points on an image corresponding 
to a given point on the original figure | and in the third, 
they predicted the images of given letters of the alphabet. 
All three tasks Involved a variety of slides, flips, and 
^ turns. On the first task, most students seemed to believe 

length was invariant under flips and turns, but classical 
nott'-conaervcrs of length tended to believe length changed 
under slides. In the second task, while E»st first graders 
chose the correct aide even though the distance was often 
wrong, mamy third graders chose the nearest wrtex, Per*- 
formance on the third task was strongly influenced by the 
symetry of the letter used| Grade 3 performed significantly 
lower than Grades 6, 9, and 11, 

Schultg asked 270 children aged six to ten years to predict 
the outcome of various slides, flips, and turns demonstrated 
by the investigator. Tasks varied according to the sl«e and 
meaningfulness of the figure snd the size and direction of 
the displacement r^uired by the transformation. Slidea were 
easiest, horizontal displacements were easier than diagonal 
ones, moderate displacements were easier than short (over- 
lapping) or long ones, meaningful figures were generally 
easier than non-meaningful ones, and large figures were 
easier than small ones. The most frequent error was in the 
orientation of the image. 

o7 
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Kidder apecificftlXy iiivettlg«t«d the concept of length 
inverlence. Sixty ehildrea £roe gredcs 2, 3, end 4 were 
first tested for clasaicel length conaervetion; they vere 
then eaked to predict the intge of e 125 bb long etick ' 
under 12 given treniifomatieDs; the subject had first to 
choose a stick dCf he 'correct, length froa five given. The 
correct length >^es ci^oto 9 or nore tiaes by only 1 of the 
31 consetve** ectd'^vof the 29 non-conservera. The author 
suggests that the suhjftcts' conception of geometry was at , 
an affine stage, so that they sade images which were like 
but not congruent to the original figures, 

FerhsB trained a random half of a senile of 72 first-grade 
students^ on slides, flips, and tuna in 11 half-hour ses- 
sions, using tracing paper, geoboards and free^aving 
activities in lecture-discussion and tmalX gtfoup nodes, 
Tti posttest consisted of 28 imiltiple-choiec it^is and 52 
drawing ieeais; a transfer test of 23 items selected froa 
coBsnercial spatial ability teats was also given. Training 
appeared to be successful in teaching understanding of 
horizontal and vertical slides and flips and was somewhat 
effective for turns, but there was no significant in^rdve- 
ment in the understanding of diagonal slides or flips. 
Transfer to spatial ability was restricted to items on 
perspective, j 

Two papers deal with "middle geometries"— projective, affine 
and similarity geon^ tries. 

r 

Fuson presents a critical analysis of the relevant experi- 
ments from Fiaget*s Space and Geometry books, suoBsarizes 
the results, and suggests several areas where further 
research would be valuable, 

Martin reports a study on the conception of ratio. Forty 
children from Grades 3, 4, and 5 were shown a niaaber of 
models, each consisting of a rod with a fixed bead on it 
dividing the rod in the ratio 5:2. Twelve tasks tested the 

I 
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elilid*B ability to preserve thia raClo on rod* of different 
lengths. The subject selected the appropriate B»del In five 
tasks, placed a bead on a given rod In four, and drw a rod 
and bead in three. A nuaber of **helper sticks," of the same 
length as the test ftodels but marked off In seven congruent 
subdivisions, were available to the subjects. Performance 
third and fourth graders vas very poor. Asong fifth 
graders, 7 out of 20 made correct responses to all nine of 
the cpnerete tasks, and 9 made correct drawings. The '^helper 
sticks" were used by 30 percent, 50 percent, and 95 percent " 
of the children from Grades 3, A, and 5, respectively, ' The 
oust cosm»n error was to conserve the distance of the bead 
from one end of the rod. 
C, Studies concerning older subjects or fonaal operation al concepts 
Mayer and Johnson report three studies. The first study involved 120 
children from preschool to third ^rade and confirmed the developmental 
order sllde-f llp-tun» In contrast to the logical order in which flips are 
oore primitive. The second study, with 84 subjects from Grade 5 to 
college, found that locating a seirles of four colored balls in a 4 x 4 x 4 
cubical array was empirically moi^ difficult than the logically more diffi- 
cult tasks of locating it in a 7 x 7 square array or six 4x4 square 
arrays. In the thiid study, 120 fourth graders completed a self- 
instructional unit which dealt with the definitions and elementary 
properties of reflections and rotations. The results shmj^that subjects 
receiving advanced organizers scored significantly higher than those 
receiving post organizers or no organizers. The authors argue that both 
psychological and mathmatlcal structures must be taken into account when 

dealgning curricula, 

Dletz and Barnctt gave Plaget's water-level and plumb-line tasks as 
a group test to 236 elementary education majors. Only 43 percent drew 
the water level horizontally, although 82 percent drew the plumb-lliie 
correctly. A random sample of 55 subjects was Interviewed. None of the 
29 who had given incorrect responses to the water-level task could 
justify their construction; 22 of them gave different responses when 
asked to show the level on a tilted (empty) bottle. Ten of the 29 could 
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not iee that the surface of the water reaalned parallel to the table even 
vfaen it was demonstrated with a half-full bottle. / 

In the final research study, Fisher loiveatlsated the influence of 
instructional materials on conceptual learning. Subjects vere 168 
students from Grades 6 and 9 and college. At each level, students 
were randomly assigned to one of three concepts ("altitude of a trian»* 
gle,", "*0S3.e of incidence," and "complete 4-polnts") and then to one of 
four instructional formats. In Format A, all figures were upright, 
Format B, all were oblique; Format C began with upright figures and 
changed to oblique figures; Format 0 reversed this order. The posttest 
contained both upright and oblique figures. Scores on the upri^t fig- 
ures were generally higher than scores on the oblique figures, but there 
was no significant- difference between the four instructional formats. 

Abstractor's Comments 

Ibis book is a gold mine of Information and ideas, and is a must 
for everyone at the forefront of research on spatial and geometrical 
concepts as well as those who follow a little way behind. The standard 
of the papers is uniformly high and demonstrates clear thinking on the 
purposes and rationale of each research project, careful an^alysis and 
interpretation, and a refreshing lack of inhibition as regards conjec- 
ture and self-criticism. It is a pity that space does not allow the 
eleven research studies separate abstracts in I«M.E . 

Son« criticisms can, of course, be made. Weinzweig*8 paper is 
long and heavily mathematical without any apparent relation to the 
research reported in other papers, Dietz and Bamett's study is a 
replication of Rebelsky (1964), to which no reference is made. Other 
comments would be minor and out of place. 

It appears that the idea of forming collaborative working groups 
is paying dividends. Several of the papers in this collection might 
have been regarded as narrow and trivial had they appeared in isolation, 
but taken in context their value is obvious. The publication format 
also has the advantage of allowing authors space to -evaluate their own 
procedures and interpret their results much more deeply than is 
generally possible in a journal article. 
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One goal of the Working Group la to avoid thm •Ituation where 
contacts between researchers are delayed until "a year of two after 
projects have been completed and reports finally appear in Journals or 
at conferences." This is .all very well for the in-^roup, but this book 
covers research carried out in 1975-76, was published in 1978, and is 
now being reviewed in 1979"-no better than the standard schedule. 
The strength of this publication lies in the collation of so many 
results and Insights and the many perceptive suggestions for further 
research; it is tantalizing for an outsider to wonder how much has been 
done between 1976 and 1979 which he knows very little about. One hopes 
that the Working Group, having asked individuals who are interested in 
cooperating in the research effort to contact with one of its 

leaders G^esh at Northwestern, Welnzweig at Illinois, or Stetfe at 
Georgia), are able to handle the volume of applications. 

Reference 

Rfibelsky, F. Adult Perception of the Horizontal. Perceptual and 
Motor Skills 19: 371-374; 1964. 



41 



t 



38 



Michnels, James W. EFFECTS OF DIFFERENTIAL REWABDING AND SEX ON HATH 
PERFORMANCE. Journal of Educational psychology 70: 565-573; August 
1978. 

Abstract and conaaents prepared for I.M.E, by BOm D. HOLTAN, 
West Virginia University. 

1. Purpose ^ 

The purpose of the study vas to Investigate the effect of revard for 
relnforeetoent or con^etition and revard for Individuals or groups upon 
achievenent of the 8olutloT\8 of three^ste|> natheoaticft problems. Sex 
differences were also investigated under these conditions- The hypothe- 
ses of the study were: 

Hypothesis 1: Individual pisrformance will vary directly with differ- 
ential group rewarding, being higher in the differential group 
rewarding conditions than in the nondifferential group rewarding 
conditions . 

Hypothesis 2: Individual perfonnance will vary directly with 
differential rewarding within groups, being higher as the Individual 
receives greater reward in the group. 

Hypothesis 3: The mathematics performance of males will be higher 
than that of females. ^^.^ 

Hypothesis 4j The arfftK^atlcs performance of females will show 
greater responsiveness to differential group and individual reward- 
ing than will that of males. 

2, Rationale 

The study Investigated four basic reward structures s individual and 
g^oup reward contingencies and Individual and group competition. The 
first two are associated with the reinforcement approach to structuring 
rewards while the latter two are associated with the competition- 
cooperation approach. Under reward contingencies, the probability of 
magnitude of rewards for one unit is unrelated to other units but deter- 
mined by previously ascertained criterion. Under cotapef'tion, the per- 
formance of each unit is evaluated relative to the performance of other 
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units and rewards allocated accordingly. Either of these tifo r^ard' 
* strategies may be based upon group performance or upon perfonoance of 
an individual within a gr^u^. 

Previous atudiea are mlaced as to the effectiveness of^indivldual or 
group tmr&4,d r<>nf Ingy^^*^**" and cosqjetltiim (Hlchaels» 1977). The liter- 
ature on behavior toodlflcatlon dociQaents effectiveness of hoth individual 
and group reward contingencies in strengthening perforoance in schools. 
Studies of reinforcement and competition have, for the most part, been 
separate, but this study is designed to compare both In the context of 
group and individual rewards. 

Based upon reviews such as Fennema and Sherman (1977) of academic 
cally related sex differences, males were expected to outperform females 
on the mathematics task. It was also expected that females would perform 
better with Individual rewarding. 
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3, Research Design and Procedures 

T!uo levels of differential group rewarding were paired with three 
levels of differential individual rewarding within groups to form six 
reward structures used as treatments. The reward was an amount of money 
to be paid to each subject according to the reward structure assigned. 
The two levels of group rewarding were: 

nondifferential : ea^ group was paid the same regardless of group 
performance. 

differential ; each group was paijd in direct proportion to group 
performance (like group piecework rate.) 

The three levels of differential rewarding of individual^ within 
groups were: 

nondifferential : each group member was paid the same. 

moderate differential ; group members were paid in proportion to 
their relative performance in the group— if one Midjer contributed 
60 percent of the total group performance, he or she got 60 percent 
of the group pay. -T 

high differential : the group iBpmber with the highest performance 
got 75 percent of that total group pay. 

9^ ' 43 
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Table 1. Ggeup and Individual Reward Condttiona 



i Individual 


Rewarding Within Groupa 




Kon differential 
(Xndivlduftl group 
iweaSieva all paid 
the same) 


entlAl (Group 
madliera paid 
according to their 
group contribuo 
tion) 


Hieh differ- 
ential (top 
group raenber 
paid 75Z of 
group reward) 


Hon differential 
gr^p rewarding 
CGroupa paid 
identically) 


Non differential 
group^ and indi- 
vidual rc»»arding 


Moderate individ- 
ual coiapetition 


High indi- 

viauai 

ccnpctition 


Differential 
group rewarding 
(Group i^mld 
relative to per- 
formance of other 
groups) 


Group reward 
(Group piece- 
rate) 


Individual reward, 
group co^etition 


Mixed indi- 
vidual com- 
petition and 
group differ- 
ratlal rewards 



Table 1 indicates the six treatsnent groups. Subjects were volunteers 
recruited from summer school classrooms in a state university who were ^old 
that they had an opportunity to earn a variable amount of money C$4,00 to 
$12.00) for one hour's participation in a pay system. Under constraints 
of same sex and time availability, subjects %fere randomly assigned to 
dyads which were randomly assigned to reward structure treatments. The 
144 subjects were assigned to the six treatMnt cells, 12 males and 12 
females in each. 

Each subject was given 11 performance-pay trials. Each trial con- 
sisted of the subject working for two minutes on a different set of 32 
three-step mathematics problems, having them scored aad being paid accord- 
ing to the treatflffint reward cell assignment. The non differential group 
aeobers each received $1,20 for each trial, while those in the differential 
groups received $,04 for each ^rcct problem to be paid to members 
accordingly. 

The performance measure was the number of proJ»lema completed correctly. 
The results were analyzed with a 2x2k3 factorial analysis of variance 
design for effects due to sex, differential group rewarding, and differen- 
tial individual rewarding systems. 

i 
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4. Findtni^ 

The results of the AN07A indicate that there vere differences 
betirecn the sexes and between Individual rewards, but not between 
groiqis. 

- These vas an <nr*r<ipMan effec^- between sex and group revarding 

indicated; therefore, separate 2x3 ANOVA tests were run for males and 
females. 

Hypothesis 1 was supported only for females. Mathematics perfor- 
mance of females varied directly with differential group rewarding, but 
the performance of males was higher when groo^* y s war de were fixed* 

Hypothesis 2 was supported for females but not for males. Females 
performed better with individual revarding within the group than males. 
However, the females with moderate individual rewarding within groups 
performed higher than subjects in the high differential and the non 
differential groups. 

hypothesis 3 was supported as higher mathematics performances were 

found for males than females. 

Hypothesis 4 was supported as the performance of fcs^es was more 
responsive- to differential group and Individual rewarding than males, 

5, Interpretations 

Only the mathematics performance of females responded to both gr«ip 
end individual rewarding. The performance of males did not respond 
directly to either form of differential rewarding. Thus, immediate 
performance feedback after each trial apparently provided a stronger 
stimulus for spontaneous competition for males, producing higher per- 
formance regardless of how group pay was allocated betmen performers. 

The researcher suggested that these findings may have implications 
for reducing the sex gap in mathematics performance by operatirmalizing 
more explicit differential group or individual rewarding with daasrooms 
Bs also suggested that the apparent spontaneous competition effect for 
males should be tested further. 
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Although th« study d<m» not provld* definitive infotaatioa about the 
uses of differential revardlni and coaqpetition in general « it appears to 
iadieate that the aexee perfors Bathesatiee prohleas differently in 
reeponec to various reward strategies, Vi^ the current concern for 
increasing the euecess of f^ales in Batheaaties situations, this study 
suggests use of group rewards and moderate within group rmards for 
feoalee. 

The iripert indicated little ehout the tesk other than that the 
suhjects were given eete of three»step taathettatics problos to work, 
There is the poesibility that the type of prohlems or pretties fonaats 
may have had different effects on the groups .< 
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Hicholfton, A. R. H&THEKAtlCS AND UHGCdU^. HathaB»tle« in Sctieel 

c 6s 32-34 { Novtab«r 1977. ' i 

t 

A!»tt»ct and coa««at« prepared for I.M.E, by JAMES M, SHERRILL, 
Cnivmreity of Brltieli Colunbia. 

1. gorpoee 

J., To develop teste thet are siisple to deviae aad ad»Saiater that 
**ttake the concept iavolvcd in each Item aa clear aid atraishtforward aa 
poaaible and ... Invite the pupil to give the correct term naming it.** 

2.* To uae the testa to eatlmate the **iinderatasding or lack of 
undere tending of some of theae vords [selected matheaatical terma]**. 
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2, Bationale 

In Lewis R. Aiken's article, "Language Factora in Learning Kathe- 
matics" (Aiken, 1972), he statea that "It is generally recogniaed that 
not only do linguistic abilitiea affect performance in mathematica but 
that mathematics itself is a specialised language" (p. 3S9>, 

"In mathematics, as in most other school subjects, key concepts 
ere referred to by specialized terma audi aa » parallel, » •factor,' or 
'rotation'." In earlier research COtterbum and Nicholaon, 1976), the 
euthor had gained "an indication of the extent of the difficulty that 
pupils . . . have with sou* of the words which are used cowaonly in 
school mathematics ..."• 



3, Research Design and Procedures 

The article reports the results of two investigations. 

Investigation 1 ; An 18-item mathematics test vmb completed by 
185 pupils being entered for CSE Kathmtica [Cartificate for Secondary 
Education Mathematics— ^'broadly the middle 50 percent of the whole 
ability range"]. Each item conaiated of a problem concerning one of 
the 18 aelected terma from the CSE Mathematica syllabus. For ax«iple, 
for the term "multiple" the item waa "Give one exa^le of a multiple 
of 30. "s for the term "parallelogram" the item was **What is true about 
the aldea of a parallelogram?" The responses were categorized as 
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Correct, Blank, or Confused, The reeulta were organised according to 
percent of responeea judged as Correct. 

Invest Igat ion II '. A 24-iteiB test was completed by 46 students 
using the Northern Ireland CSE Syllabus A Maths. The test vas the 
c«ipletlon iteaa In Mathematics Test t2. The results of 6 of the 24 
iteas were not analyzed since the tetfts were not on the a^labus for 
the Syllabus A laathenatics course, which is '*iaore or less traditional 
aathexaatics." An example of a test it«o follows: **The nuobers 60, 

90, 120, 150 are all said to be of 30." The responses were 

categorized as being Acceptable, Neutral, Blank, or Confused. The 
results were grouped according to the number of responses judged 
Acceptable. The results were based on a pilot study in one school. 

4. Findings 

Investigation I : One- third of the terms were "well-understood" 
(X Correct ^ 81.5 percent); one-.*-.hird were reasonably understood, but 
the students showed increasing confusion (55 percent^ Z Correct^ 
75.5 percent); and one-third were poorly understood (% Correct ^ 41 
percent) . 

Investigation II ; Half of the terns were understood iP Acceptable 
^ 22) and half were poorly understood (^Acceptable 4^ 18) . 

5. Interpretations 

"These pupils who enter for CSE mathematics have significant 
difficulties in understanding some of the mathematical terms in coraaaon 
us«," 

For each investigation any teacher can devise his own test 

... to diagnose the availability or otherwise to pupils of acceptable 
linguistic terms for mathematical concepts," 

Abstractor's Comments 
The author mentions several times in the three-page article that 
"The intention was to discover whether a pupil understood the term 
rather than to assess his mathematical ability" or whether the pupil 
"appears to understand the concept." The object was to see if the 
pupil could "give the correct term naming it [the concept]," 
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The ir«8ults of both laveatigations were coapletely dependent on ^ 
the tesmfi selected, the point In the course when the testing was IffiplW 
laented, and how successful the teat developers were in oaking " each 
itea as clear and straightforward as possible I'm not convinced 

that a student who puts the term "square" in the following blank is all 
that confused: "A four-aided figure whose sides arc all of equal 
length is called a 

The author seemed to want the results to divide the list of terms 
into equal-sized groups. Both lists appear to be divided based on the 
number of items in each group rather than on performance as stated. 
In Investigation II the difference in performance level between the 
lowest ranked term in the top group and the highest ranked term in 
the bottom group is 9 percent. If he had divided the list three 
items higher, the difference would have been 20 percent, 

The author chose to stay at a superficial level for his study of 
language factors (i.e., choosing the correct term with no considera- 
tion of concept understanding). The investigations add little or no 
information to the area discussed in Aiken's article (Aiken, 1972) 
which was part of the stated rationale for the studies. 
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Reoner, John W. ; Sutherland, Joanj Grant. Roalle; and Lawton, Aaton E. 
1 DISPLACEMENT VOLUME, AN INDICATOR OF EARLY FOBMAL THOUOTs DEVELOPING 
^ A PAPER-AND-PENCIL TEST. School Science and. Mathetsattcs 78: 297-303; 

April 1978. 

Abstract and cooaaenta prepared for I.M.E. by RANDALL I, CHARLES, 
Wood County Public Schools, West Vlrgiula, - 

1. Pumoae 

The purposes were "(1) to evaluate the use of Piaget*8 Displacement 
Volume task as an indicator of early formal reasoning and (2) to develop 
a valid paper-and-pencll task to erasure the nam reasoning vithout the 
time-consuming limitations of individual interviews." 

2. Rationale 

In the opinion of the authors, many of the concepts in science and 
mathematics textbooks at grade 4 and above can only be understood by 
those who are capable of "foimal reasoning," One study suggests that 
Ss capable of demonstrating formal reasoning ability on Piagetian tasks 
can understand "formal concepts in science." The development of a 
valid paper-and-pencll task to assess formal reasoning would enable a 
teacher in a brief period of time to diagnose students* reasoning and 
subsequently select course content. 

3. Research Design and Procedures 
A sample of 586 seventh- through twelfth-grade Sn was randomly 

selected from across the State of Oklahoma and used to evaluate the 
Displacement Volume task. Each S^s was individually administered three 
tasks : 

(1) Displacement Volume. Ss were shown tvo identical glass con- 
tainers partially filled with equal amounts of water* Next , 
Ss wcr« handed two iMtal cylinders of equal volume but 
different masses. The experimenter lowered the lighter 
cylinder into the glass container and the rise in water 
level was noted. S^s were asked to predict the rise In^ater 
level when the heavier cylinder is placed in the container • 

50 
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Sji vfao made the correct predlctioo vere said to be cepable 

of fonaal reaaoninR , If an incorrect prediction was made, 
the heavier cylinder waa placed in the container. Sa who 
nov correctly eseplained the diaplacement were rated late 
concrete and those who did not correctly explain the dis^ 
placement: were rated as early coacrete~ a 



(2) Sinking and Floating. Ss were given one large, heavy block 
and one small, light block and asked whether they would sink 
or float. After justifying their classification, Ss experi* 
nented with the blocks and were then asked to suggest a rule 
governing the sinking or floating of blocks. S^i who success- 
fully related observations to a general rule were categorized 
as formal operational . 

(3) Pendulum. The procedures used for administering this task are 
not discussed. 

A sample of 118 eleventh-grade S9, 46 sixth-grade £s, and 25 fifth- 
grade S^s was used to validate a paper-and-pencil instrument developed by 
the investigators. Groups of £s were administered a four-item Displace- 
ment Volume paper-and-pencil test. After completing the test, $9 were 
individually interviewed on the Displaceocnt Volume task described above. 
Item 1 on the paper-and-pencil test showed the £ two identical graduated 
cylinders partially filled with water and two congruent circles repre- 
senting glass and steel marbles. A discussion comparing the objects was 
provided. Item 2 showed one cylinder with. the glass marble subn^rged 
and a higher water level. Cylinder 2 was identical to that shown in 
item 1. Item 3 asked the to describe the results when the steel ball 
was placed in cylinder 2, and item 4 asked for s justification of the 
response to item 3. Responses on the paper-andirpencil task were rated 
as evidence of formal or concrete reasoning. 

4. Findir gs 

The findings for both parts of the study were reported by grade 
level and for the total group. The authors' discussion of the findings 
was limited to the total group. 
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It ts difficult to believe that this study was the first to investigate 
t ch^se interview tasks. 

There are several other serious weafcnctaes and questions related 
to this study which severely limit the value of the research reported: 
CD The terms "formal reasoning," "early fora*! reasoning," and 

"fully formal reasoning** art not clearly defined. ^ 

-C2) The samples of students are not adequately described. One 

sample *Vas drawn from a school with students of average I«Q. 
- 120." What about the other students? Why were grades 7 
through 12 used? Why weren^t the same grades used in both 
parts of the study? Why weren't the findings across grade 
levels discussed? 

C3) Were the interview tasks presented in the same sequence to all 
Ss? Itees performance on one t isk affect performance on another? 
The papcr-and-pencil test was given to all Ss ixmaediately before 
the individual interview task. Does the time between tasks and/ 
or the order of presentation affect responses? 

(4) The readability of the paper-and-pencil test was piloted with 
eleventh- ^d twelfth-grade Sa and college freshmen. In the 
final study, t1 ' teat was administered to fifth- and sixth- 
grade Sa, 

C5) The authors suggest that all three interview tasks can provide 
evidence of formal reasoning. If this is true, one would 
expect consistent responses across tasks for an individual 
S. Did this happen? 
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RuasAC, R. J. THE RELATION BETWEEN TKfO STRATEGIES OF CARDINAL KBMBERi 
CORRESPONDENCE AND COUNTING. Child Developaent 49s 728-735? 
September 1978. 

Abstract and coonaents 'prepared for I.M.E. by MARKITA PaiC3 GULLIVER, 
Stephens College, Coluxabia, W>, 



1. Purpose 

The study was designed to investigate "acquisitional relations 
between two strategies of cardinal nwaber; correspondence and counting" 
(p. 728). The investigator coapared the strategies of kindergarten, 
first-, and second-grade children using equivalent and nonequivalent seta. 

2. Rationale 

Piaget [and S2Cffiin8ka](1965) , using the conservation of i^er 
paradigm, concluded that "conservation ability requires both cardinal 
and ordinal understanding" (p. 729). Brainerd (1973), using slightly 
different tasks, found that ordinal concepts developed earlier than 
cardinal concepts. While Piaget apparently allowed his subjects to 
count, BraiV*"** Pi«8et assuoad that the counting had little 

meaning unless supported by co^itlve structures demonstrated by the 
ability to conserve number. On the ot^er hand, Gelman (1972, 1975) 
argued that cardinal ability is explained by assuming a counting stra- 
tegy in children ages 3 to 6. However, Gelman used sets of two or 
three elements. For sets, this small perceived cardinality or direct 
discrimination of cardinality becomes a confounding factor. Thus, the 
Resent study used sets of seven to ten elements, 

Ihiring the standard conservation-of -number tasks, critics note 
that children sometimes attend to number-irrelevant cues.* The children 
in the present study had a "collinear correspondence" task in %Aich 
they paired elements from two sets into a single linear array. This 
eliminated problems involving "static" configurations such as those 
in Brainerd 's study (1973) and the problems of the standard conservation- 
of-ttuaber tasks. Hcwever, the latter task was inclij^ed in the present 
study to compare to the "collinear correspondence" task. 
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3. Research Peslga and Procedures '.' 

The design was 2 (correspondence ,vs, counting) x 2 (equivAlency 
vs. nonequivalency) . Nonequi valency was examined with respect to both 
asyfflBetrlc and transitive "delations. Ten boys and ten girls were 
sampled from each grade level: kindergarten, first, and second. Half 
the kindergartfin children were from private school; all others were 
from public schools in the Phoenix area« 

Materials consisted of 15 blue and 7 red poker chips, a plastic 
container and 4 cardboard strips with 7, 8, 9, or 10 centered, equally 
spaced red dots . The dots and the spaces bet^en them were the size of 
the chips. 

Children were individually given five randomly sequenced tasks. 
Pripy to the tasks the kindergarten children were asked to count to 10 
and to identify red and blue. The tasks and scoring were as follows: 

a. Equivalence by counting (4 points total). Child counted an 
equivalent number of blue chips into the container when shown 
red dots on cardboard strip. 

b. Equivalence by correspondence (4 points total). Child placed 
equivalent number of blue chips next to, but not on top of, 
red dots on strip. Any sign of counting was interrupted. 

Both equivalency tasks used a random sequence of the four cardboard 
strips. 

c. Noncquivalence by counting (3 points total). Child counted 7 
red dots on cardboard strip and 8 blue chips and responded to 
question, "Are ther? more red dots, or more blue chips, or as 
many of both?" The strip was then placed face down. The task 
was repeated with the 9 red dot strip and 8 blue chips. With 

# both strips face down and the blue chips removed, child 

responded to transitive question about the strips. Child had 
to reaetabcr the nuaiber of red dots on each strip and answer 
which strip had more. 

d. Noncquivalence by correspondence (3 points total) . Child 
placed 8 blue chips on the 7 red dot strip ^ext to dots and 
answered same question as in task 3. /igain the strip was 
placed face dtwn. The task was repeated with the 9 red dot 
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atrip and 8 blue chips. With both strips face down and chips 
reaoved, child responded to question o£ vhich set had more or 
were there as laaay of both* 
e. Conservation of number C2 points total). Child watched as 7 
red chips were placed in a row. Child oade an equal row of 
blue chips (1 point) . One row was spatially rearranged and 
child was asked, "Are there more red chips, or blue chips, or 
as nany in both places?" Procedure was repeated with the other 
row being rearranged. Child had to explain responses (1 point). 
Scores on all eight measures (equivalence by counting, equivalence by 
correspondence, asymmetry by counting, asyma^try by correspondence, 
transitivity by counting, transitivity by correspondence, conservation 
of number, and pre trans format ion by correspondence) were made dichoto- 
mous. A child passed the equivalence and asymmetric tasks if correct 
on all trials. The other four tasks were already dicbotomous, 

4. Findings 

Scores were converted to proportion correct on the eight measures. 
Means and standard deviations were reported for each grade level. Pre- 
liminary analysis showed no effect for sex or sex by grade interaction, 
and these factors were therefore ignored on subsequent analyses. 
"Kindergarten children differed significantly from first and second 
graders on equivalency by correspondence, F(l,57) - 14,33, p < .003; con- 
servation of number, F<1,57) - 7.11. p< .01; and asymmetry by counting. 
F(l,57) " 9.10, p< .004. First graders performed significantly less 
well than second graders on equivalency by correspondence , F(l,57) - 
11.20, p < ,002; and asymmetry by correspondence, F(l,57) - 6.26, p. <,02" 
(pp. 731-732) . An order analysis procedure was used to determine a hier- 
archical ordering of the tasks. The resulting diagram showed that 
"counting tasks wore easier than correspondence tasks, while equivalency 
by correspondence proved to be the most difficult procedure for children 
in this study" (p. 732) . Transitivity tasks were not included in the 
order analysis because the scores were spuriously high. 
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5. Xot6iT)re t&tMfia ' , 

"The findings of this investigation support Brsinerd's (1978) con- 
tention that conservation of nioober ia an intersediate atep in children *a 
understanding of quantitative correspondence. . ,(^nd) the finding that 
ability to determine asyBBnetric cardinal relations appear prior to appro- 
priate judgments of equivalent relations when correspondence is the 
strategy used" (p. 732). The author discussed why the similar results 
itom Brainerd's static correspondence and the collinear correspondence 
t«ske differ substantially from the results obtained from cosiservation 
of number tasks. In the main, the children of the present study and 
Brainerd*s failed to use a nonperceptual pairing strategy. 

The author also discussed at length the reasons for the high trans- 
itive scores and for their exclusion from the order analysis. Forty 
percent of the children correctly answered the transitive question but 
failed to answer the asymietric questions correctly. Since transitivity 
assumes an understanding of asymmetric relations, tbe transitive data 
were not analyzed. The author also discussed the limitations of the 
study: the conservative scoring and the wording of the*prompts in the 
correspondence tasks. 

Abstractor's Coiaaents 

Russac has attempted a difficult task, that of Investigating hier- 
archies of learning or relative acquisition of mathematical concepts. 
The question' of whether counting or correspondence is understood first 
is an important one for an understanding of how the concept of nuasber 
is learned. This, of course, has implications for mathematics educa- 
tion and the teaching of early number concepts. There are, however, 
several questions this reader had about the study, 

1, Was there a pilot study? If so, why wasn't the problem of the 
transitive question noticed then? Russac is to be commended fo*- look- 
ing at the quality of the data before blindly analyzing it. Too many 
investigators fall to ask whether the raw data actual}/ have meaning 
before applying the most sophisticated of analysis fachnlques. From 
the discussion of the problem, it appeared that th.; children were using 
the perceptual cue of length of the line of ri-d dots to decide which of 



the 7- or 9-dot sets had more dots. Using strips in which the rslative 
auBher of dots conflicted vith length-density ci»s may ha^re changed the 
results. 

In addition, a pilot study would have revealed the need for word 
cues in the correspondence tasks. As the author noted, children were 
told to "count" in the counting tasks, but there was no sisilar help 
such as "match" or "pair," in the correspondence tasks. These sistple 
changes will improve the replicated study. 

2, Were the reported F-ratios the results of post-hoc contrasts 
CScheffe, Tukey)? In any case, the degrees of freedom for the 

F statistic should have been 2 and 57 rather than 1 and 57, since 
there were three groups of children. An incorrect reporting Cor 
uncorrected typing) of sisiple statistics casts doubt upon the rest 
of the analysis. 

3. What was the specific definition of "perceptual" and "non- 
perceptual"? From che context it appeared that a perceptual pairing 
meant one in which the dots or chips were on top of one another, in 
parallel rows next to one another, or in some regular spatial arrange- 
a^nt. Nonperceptual should mean that the child uSed pointing or some 
mental means of pairing the sets. Russac also included the particular 
"collinear correspondence" used in the experiment as a nonperceptual 
pairing. Actually the "collinear correspondence" seemed to be both 
perceptual and nonperceptual Cassuming the abstractor gleaned the 
proper definition from the text). It was perceptual in that the chips 
were physically placed next to the dots; it was nonperceptual in that 
the child had to remember which chip was paired with which dot. 

The results supporting Brainerd and differing from Plage t hinge 
entirely on the "collinear correspondence" task the children had to 
perform correctly to show understanding of equivalence by correspon- 
dence. Besides not knowing exactly what the adult wanted the child 
to do with the red dots or blue chips, the child may have been very 
frustrated with the admo^:icion not to count nor to put the chips on 
top of the dots. As Russac mentioned when discussing this limitation, 
use of the words "match" or "pair" may have eliminated some of the ' 
problems. However, most of the problems seemed to occur because the 
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children had never made arrays he.fone, vhereas the children appeared 
to have sade correspondencea in parallel rows since they had little 
difficulty in the pretrasysforoation correspondence task. 

Russac Included the pretransformation correspondence task before 
the conaervation of nusiber task to attempt to detemlne the relation 
between that correspondence and the "colllnear correspondence" task. 
The order analysis indicated that the pretransf oroation . correspondence 
vas acquired before conservation of nuober, which In turn is acquired 
before equivalence by correspondence. Since both correspondence tasks 
are comparing equivalent sets with only differing methods »of corrcs- 
pondence, might not an alternate interpretation of the analysis be 
possible? Children in the early grades do many activities which 
involve pairing or matching e<|ual sets. They also do many worksheets 
matching numBer symbols to pictures of sets. Almost all of these tasks 
usually involve a regular spatial arrangement of the sets. Thus, the 
order analysis may only reveal that equivalence by correspondence pre- 
cedes conservation of number if the correspondence is a familiar one, 
while it is acquired ffter conservation of number if the particular 
correspondence required is an unfffisiliar type. If the children of 
the study had experience with many types of correspondence tasks, the 
hierarchy of acquisition of the concepts of cardinal nuaaber may have 
been different. 

Russac *s results indicated that counting was acquired before corres- 
pondence and conservation of nuiober, contrary to the results of Plage t. 
How much does "Sesame Street" influence the counting of American 
children? Is there any child who has not been indoctrinated with rote 
counting from the time he or she began watching television? Will mathe- 
matics education researchers ever be able to determine acqulsitional 
relations between counting and correspondence? 
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\v Shaail, Hmtf H. ASSE5S11I6 AVAIUBIUTT FOR BASIC SiOLL DEVEUOfMSiT IS 
\ TSB ADOPTION OF A NEW COSRICOUtlH, F«per presaated *t the AantiAl Hcet- 
! lug of the Aaerlesn Edue&ttonAl" Research Aseocietloa, Meirch 197$. 
\mc: ED 158 374, ."^ 

1* ' ' . • 

A!>«tract and cooaseate prepared for I by JOHN TABR, 
UniVeraity of Norehem leva. 

1, Purpoae 

The purpose of this study was to detem^e the effect on students' 
^ basic skill development of tssing the innovative curriculuoi called ^lified 
Science and^ Hatheaiatics for Elmentary Schools (KSMES). Siae basic akill 
areas—- reading coaprehension» taathematics application, mathfiEsatics con- 
cepts , science, and social science— were included is the inveatigatlon. 
In the study USHES vaa used in elementary achool grades which were grouflr 
Into thr^^e blocks: 2-4, 5-6, and 7-8, The effects vere la^asured by pre- 
testing in the fall and posttesting in the spring. 

\ 

\ 

2, Sationale 

USHES units are designed to engage elementary school students in 
long-range, complex investigations of real and practical problems taken 
from their achool or coosounity environis^nt. Students are supposed to gain 
c^i^etence in problem solving in a manner that gives them an understanding 
of the problem-solving process as veil as the acquisition of basic skills 
and concepts. ^' 

In the economic and political climate in vhlch 0SI1ES was implemented, 
s4^cator8 were forced to take cautious views of nw programs, particularly 
if the programs might detract from efforts to teach basic skills, A 
significant portion of the evaluation of" DSMES involved assessing the 
effects of USMES on students* basic skill development. 

The "back-to-basics" twv^aent which swept the country during the 
19708, coupled with the relative ease of measuring basic skills objec- 
tives, likely account for the tendency to focua accountability programs 
narrowly on lower level cognitive goals, while excluding attention to the 
difficult-to-measure higher Q^ntal processes and elusive affective goals. 
The DSMES curriculum did not escape the pressure to remain successfully 
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«ecoiiat«bX« for atud«ne»* BmIc m'kSXX d«v«lepBcat. USHES dtv«lop«rt 
and evaiufttor* bad to seek avid^Eice that tiia USHES studaats performed 
at least aa veil aa con<"IISHSS atudatita in the Baaic akilla. 

3, Rggearch Design and Procedures 

To determine the effect of ll(SH£S on the developiaent of baai^^akllla, 
a atudy vaa made of USHES classes ipd non<4ISHES cXaaaea, USHES teachera 
from 15 geographic areas irere selected to achieve a national aample of 

■ * 

USIES daaaea representing a crosa-acetion of grade levela. socioeconomic 
levela, and USHES units. Control classes caae fros non<-USHES achoola 
vhich vere located in the same or neighhoring * commusiities as the USHES 
schools. The control classes vere selected to match the USHES sample 
classes, one-for-one, on the bases of grade level* socioeconratic level » 
geographic area, and general features of the achoola* programs. Although 
the investigation intended to use a sample of 40 USMES claases and 40 
control claases, difficulties in data collection resulted in usable 
returns from at most 60 classes for any of the subtests. 

Six subtests of the Stanford Achievement Teat (SAT) series *Bre used. 
Reading Comprehension and Math^atica Confutation subtests were adminis- 
tered in all the clasaea. Hathematics Concepts and Science subtests were 
administered in half' of the classes; Hathematics Application and Social 
Science subtests were given in the other classes. A scaled score was 
obtained for each student for each of four subtests the student took. 
The scaled score supposedly offered a syst^sm of inter-battery standard 
scores with comparability across levels for a test area, llie unit of 
analysis was the classroom. 

Pretests were given in late September and early October; post tests 
were given during the following Hay, Various levels of the test were 
employed, one per class. Grades %pere grouped into three blocks s 2-4, 
5-6, and 7-8. 

Thus the study involved three independent variables; treatment 
OJSHES, non-USHES), grade (three blocks), and administratioa (Faltl, 
Spring) , It involved six independent variables— classroom means of 
scaled scores on each of six SAT subsets. 
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Tbe (Uca for each msbtft«t v«r« su&sdteed to a repeated taeaaure 
fiaalyais of variance to iaveatigste whcthar cXaaaes f roo either treat- 
toaat group realized statlstieaXly aigaificant gaina in any of the six 
•ubtaat areas fron fall to sprtog. Mao, across tbe sis analyses, 
24 intera-^tion effects were tested. 

4, Fiadiaga 

Besults from the six repeated i^asures aaalyse» of variance are 
siffimarized in the following table, C<^lete AKOVA tables and tablea 
o£ cell flteana and standard deviations froa tbe analysis of each at&test 
are given in the final report to the National Science Foundation on the 
evaluation of USMES (Sbann et al., 1975>. These data were not included 
in this report. 

Suasaary of Significant Results of Repeated Measures 
Analyses of Variance on Six SAT Subtests 

J. • -U^-, ~ ^.■ ■ L .,-. 1 »._,...■■...... >i nu nil . 1 ii^Wiun..n I I'l *^ BP-^l^^att^ 



Subtest 


a 

n 


Treatiaent^ 


""/rade^ 


d 

Pre-Post 


Ifiteractions 


Heading Com- 
prehension 


60 " 


N.S. 


p<0.000l 


p< 0.0001^ 


GXA®, p<G.05 


HathematicB 
Computation 


58 


N.S, 


p< 0.0001 


p< 0.0001 


GXA®, p< 0.0001 


Mathematics 
Application 


22 


N.S. 


p< 0.0001 


p< 0.01 


n^e 


Mathoaatics 
Concepts 


31 


N.S. 


p<^0,0001 


N.S. 


none 


Science 


29 


N.S. 


p< 0.0001 


p< O.Ql 


none 


Social Science 


25 


N.S. 


p< 0,0001 


p<0.01 


GXA®, p<0,05 
TXA^, p<0.05 


*n" number of 


classes; 


class s^ans 


were used as 


the unit of analysis 



^SMES versus non-USMES 

^Grades were grouped into three blocks; 2-4; 5-6; and 7»-8. 

ese were Fall and Spring administrations of the SAT subtests, 
^Interaction of grade with test administration 
'interaction of treatment with test administration 
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•There vere highly signlf leant iacreasea (p< 0.0001} Itt all six sub- 
test measures frcm the lover to higher elei^atary grades for both treat- 
ment groups. Also, slguif least Increases ^rbm pretest to posttest 
administration for both treatment groups vlthln each grade level were 
found for all but one subtest. Mathematics Concepts, There vere no 
significant treatment differences.* Although the observed treatment 
differences consistently favored USMfiS, theae differences were not 
statistically significant. 

IVenty of the 24 interaction effects tested were not sipilf leant. 
The ansiyaia for Reading Comprehension and for Mathematics Computation 
subtest scores each produced a significant grade-^y-Hidmlnlstration 
interaction. In Reading Comprehension, the preepoat mean gains for the 
three grade blocks, 2-4, 5-6, and 7-8, were 12, 7, and 1 points, respec- 
tively. In Mathematics Computation, the pre^posfe mean gains by grade 
level were 12, 6, and 0.2. 

The other two significant interaction effects were observed from 
the analysis of social ^ctence subtest aeorea, Although the DSMES 
groups at all three blocks of grade levels showed gains from pretest 
to posttest, th^.ir rate of growth declined for the seventh and eighth 
grades. Changes in control group pre-tc^post scores varied erratically 
by grade blocks— some no change, some higher, eoa^ declines, 

5. In terpr e t a t tons 

With the exception of the two interaction effects from the analysis 
of the social science subtest scores, the results from the repeated 
measures analyses presented no surprises? they confom^d solidly with 
the results one should esqsect. 

The highly significant increases in all subtest measures from the 
lover to higher elementary grades for both treatment groups were con- 
sistent with expected growth patterns for these areas of achievement. 
One would expect seventh- and eighth-grade classes to score higher than 
second- and third-grade daases and, in this study, they did. 

The su^lf leant growth patterns from pretest to posttest are what 
one would hope to find for both treatment groups. That is, one would 
expect scores to be higher in the spring than In the previous fail. 

■ 
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In thi« ctudy, 8ignl£lcanc incresses were found la all but on« subtest, 
Hathcmatlcs Ckincepts. 

Sophisticated an&lyses vere not needed to &acertaln that the 
national sample of USJffiS classes perfotncd at least as well as their 
control thatches on the six selected sti& tests. students had not 

been deprived of instruction In the basic skills and, in sooe cases, 
they may have received more instruction than non^-DSM^ students. Thus, 
in the matheiaatics and science skills area, USNES should not have been 
interfering with skill and concept development, but rather, adding to 
it. The results of this study arc, therefore, net surprising. 

The grade<"by«-test administration interaction effects noted for 
Beading Comprehension and for Mathematics Coi^utation may be a function 
of a ceiling effect of these subtests and on lesser attention devoted to 
these subjects over the years of a school's program. Also, these two 
significant interaction effects mirror the growth curves for these basic 
skills. The two Interaction effects from the analysis of the social 
science subtest scores were surprising^ No eKplsnation wi^ offered, 

Retractor* s Comments 

Mary Shann has clearly presented the problem, methodology, findings, 
and implications of the study of the effect of VSmS on the basic skills. 

One might ask if this study was necessary. In a time when "basics" 
are stressed, every thitg else is questioned. Perhaps in another era we 
might question whether instruction in "the basics" Interferes with the 
students' competence In complex problem solving. Do students in a 
particular mathematics or science program perform at least as well as 
other students on nests measuring problem-solving competence? For the 
1970s, however, the study was necessary and its results should allay the 
fears of those protecting the basic skills. 

The Suudy appropriately used the classroom as the unit of analysis 
and care was taken to select a large enough aacspie so that the number in 
each cell was sufficient. The control classrooms appear to have been 
matched carefully to the USMES classrooms. Is it possible, hwjever, that 
teachers electing to use USMES materials differ in some way from those 
who do not elect to use USMES materials? Could teachers who had volun- 
teered to use USMES materials have been used as controls? 
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Thm reiult* of the mtudy suggMC th«t l^KES ±m p^ttemmc^ 
ia, the haiic ■kills vaa net lowered, Oae aight question v^at ttw lopli- 
catlooe vould heve been If the baaic ckillc ecorce were tlgoiflcantly 
lower for USHES cleesea. Whet price vould we he willing to pay for 
iiBproved competence in cc^lex problem aolving? 

Tlsae given to instruction in the hasic skilla apparently was 
affected very little by the introductio/^ 0SHES units. Where then 
did the titse come from? Since the length of the school day likely 
reioained the saste, was USMES instructional time taken from imtsic, art, 
or physical education? 

The investigator raised a question about the scaling procedures 
used. The USHES evaluators were concerned that the forsnilas given by 
the SAT test developers had not achieved comparability of trsnslated, 
scaled scores across test levels for a given test area. This may have 
been responsible for the lack of hoiaogeneity of variance experienced in 
this study. Although It was beyond the scope of the VSmS evaluation 
to teat this hypothesis, it deserves further study. The investigator 
suggests how such a study taight be structured. 

The need for more objective inatruowsnts to measure problem-solving 
skills was noted by the investigator. New instrument development for 
complex problem solving has become a thrust of the USMES evaluation 
team* a efforts since a valid accounting of the program's worth is 
dependent on a valid measure of complex problem solving. The develop*- 
oent of new tests to measure students* achievet^nt in various aspects 
of problem solving deserves the concerted attention of the evaluation 
eoasftiQity. 
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